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Abstract

A tool was developed for Monte Carlo simulation of life
cycle costs using parametric cost modeling. Additionally,
the analysis of the performance of parametric CER cost
estimation has been cut down to a more manageable task.
Models can be built and tested quickly and easily.

Random deviate generators were researched and built.
Several applicable statistical descrption routines were also
implemented. Statistical integrity and great accuracy has
been maintained, while made accessible through én intuitive,

user friendly interface.
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AN INTERACTIVE LIFE CYCLE COST FORECASTING TOOL

I. Introduction

Background

Each year the United States government spends billions
of dollars for manpower and equipment to protect and
preserve the nation. As important as national defense is,
it is only one of many ways the government serves the
people. Programs such as education, transportation, and
human assistance are also necessary parts of government
spending.

Unfortunately the government is not endowed with
unlimited resources. Each program is in constant
competition with others for funding. Indeed a large part of
our political system is dedicated to the parsing and
distribution of tax dollars. Since the government is tasked
with performing many services with limited resources, it is
compelled to get the most from each tax dollar spent. Since
many of the dollars spent on national defense go toward
acquiring new weapon systems, the government should buy the
least expensive piece of hardware capable of doing the job,
or buy the best piece of hardware while staying within the

budgetary constraints. The latter case, maximizing




efficiency can be demonstrated by the simple optimization

problem below:

it

Max E F(A,B) (1)

st. C=C , + G (2)

Where C, and C; are cost functions, linear or nonlinear,
for Systems A and B. These cost functions may be based on
quantity purchased. C is a budgetary constraint, and E is
some production function representing the combined
performance of systems A and B. Note that this is for a
given configuration. The E represents effectiveness and is
equated to some function of the quantity of systems A and B
purchased.

Either strategy, maximizing effectiveness or minimizing
cost, leads to some type of cost comparison among the
proposed systems. The problem is that new weapon systems do
not come off the shelf with clear cut price tags. The cost
of each program must be estimated, then compared with the
other programs in question. It is easy to see that realized
efficiency depends greatly on the quality of the cost
estimation.

Fisher, as well as others, has suggested that to
properly estimate the budgetary impact of a particular
system, all phases of the program must be examined

(Fisher:66). Purchase price alone does not constitute the




system cost. There are research and development, testing,
procurement, operation, and maintenance phases that must be
considered. All spending associated with a program is

called the life cycle cost (LCC). The DoD Life Cycle

Costing Guide For System Acquisitions defines LCC.

The LCC system is the total cost to the
Government of acquisition and ownership of that
system over its full life. It includes the cost
of development, acquisition, operation, support
and where applicable, disposal. (DoD:1-1) .

Life cycle costing has several advantages over simple
purchase price estimation. Since life cycle costing
includes all the phases of the program’s life, a more
realistic look at the budgetary effect is achieved. Figure
1 demonstrates the large portion of DoD funds used for
operation and support, costs not included in the purchase
price. It is very possible that system A may have a lower
purchase price than system B, but have such a large manning
and support requirement that these costs overwhelm the
purchase price and make B a more economical choice.

Since the stages of the program occur chronologically,
LCC also allows for the "timing" of the money spent. Banks
exist and flourish all over the world profiting almost
exclusively from the time value of money. So the timing of
money spent by competing programs can be a very significant

factor.




PROCUREMENT
$32.2

CONSTRUCTION $Y4.

OPERATION AND MAINTENRANCE $38.1
PERSONNEL $38.9

I0TAL =%128

Figure 1 Department of Defense 1979 Budget
Billions of Dollars (Seldon:2)

Objective

The objective of this research is to develop an easy to
use, flexible, PC-based Monte Carlo simulation for the

preliminary estimation or forecasting, of life cycle costs.



Subobijectives

Model Definition. The first step is to survey life

cycle cost models by reviewing literature. Identification
of the proper model must precede all other steps.

Model Construction. Construction of the mathematical
model, which means creation of the source code, is the next
step in using the LCC cost model chosen. The actual
mathematical calculations must be coded in this step.

It will be necessary to develop random number
generators, the basis of the Monte Carlo simulation.
Development of fast, competent generators is crucial to
achieving the overall objective.

Software for the analysis of the LCC outputs must also
be developed. The next section of code is the LCC
distribution identification routines. Quantile estimation
is closely linked to distribution identification, and it
must also be coded.

Software Production. After verification of the various
mathematical software routines, these routines must be
integrated into a single program with a logical, flexible
control structure. The integration of the routines is no
more important than the development of a user friendly
interface. The program must be easy to use.

Documentation. The documentation must be polished up
and formatted. This documentation must include a User’s

Manual.



11. LITERATURE REVIEW

Introduction

The goal of this research is to design and build a
flexible, easy to use tool for Monte Carlo simulation of the
life cycle costs of weapon systems, including estimation of
the distribution of these costs. Monte Carlo simulation is
simply a compilation of random generations aggregated to
infer something about the real world. The tool must
generate samples from a cost distribution according to
historic data about past weapon system attributes and costs.
The areas of literature that must be reviewed for this
effort include theoretical life cycle costing models,

statistical estimation, and random number generation.

Chapter Overview

This chapter will present a brief overview of the types
of LCC models available in the literature, providing the
characteristics of each model, good and bad.

Since Monte Carlo simulation involves the
representation of random events, the random number generator
used by the modeling program must generate numbers that
actually appear to be random. This chapter will review

promising methods for generating the random numbers needed




by the life cycle cost model. Sample output from the random

deviate generators actually used can be found in Appendix B.

LCC Modeling

The literature suggests that there are basically three
types of LCC models (Collins:55; Krisch:1527; Seldon:161;
DoD:3-3):

1) Parametric cost factor models
2) Engineering cost factor models

3) Accounting models

Parametric. The parametric cost factor model is named

so "because the physical and performance measures are
commonly called parameters in the estimating equations"”
used to forecast costs (DoD:3-3). The weight or number of
engines on an aircraft may be used, for instance, to
estimate the production and operating costs. Krisch
explains that curve fitting can be used to derive Cost
Estimating Relationships (CER) between cost and production
schedule and system characteristics. These CER’s can be
adjusted to make the best estimate possible from past data
(Krisch:1527).

Several advantages are associated with using this type

of cost estimation, as outlined by the DoD Life Cycle

Costing Gujde For System Acguisitjons:




1) Cost estimates are based on general system
characteristics, no detailed information is
necessary;

2) Model is very fast and easy to use;

3) Model is resistant to user bias;

4) Since parametric statistics are used in

generating the forecasts, confidence intervals
{CI’'s) can be placed on the forecasts (DoD:3-6).

It is in this last advantage that lies the real power of
this type of modeling.

Figure 2 shows an example of a parametric CER model.
Notice that the costs are being calculated from general
characteristics, and that there is some error associated

with each equation.

Engineering. Many authors ignore this model or group
it with the model above in the "cost factor" category
(Krisch:1527; Collins:54). This is because the engineering
model is very similar to the parametric CER model
mechanically. The system is broken down into cost
components like above, and cost relationships are used to
determine the cost of each component.

The difference in the CER and engineering models lies
in the type estimating relationships used. The model above
uses relationships of convenience, which may or may not
capture a great deal of the cost variance. The engineering

model uses specific hardware-to-cost relationships to




COST REPRESENTATION FOR
1 C-130

CER's
AIRFRAME
ENGINES
ELECTRONICS
MANPOWER
apPs = 500,000 + 12,000 Xs + e

200,000 + 75 X, + e

2,000 +63 X, + e
530 + 200 X5 + e

300,000 +-400,000 X, + €

X, = girframe weight
X, =thrust

X3 = number raodios
crewmembers
yearly Flying haours
error, iid N(0,MSE)

X
n g n

Figure 2 Parametric CER cost model example.

determine cost. Obviously this takes more information, and
indeed DoD does not recommend this as a method for
preliminary work since the level of detail needed is usually
obtained after many crucial decisions (based on cost) have
been made (DoD:3-12). The main advantages of this method

are increased accuracy and hence more detailed sensitivity




analysis of differing configurations, and ease of transition
from a CER model (DoD:3-11).

Figure 3 is an example of an engineering model. Notice
that the cost equations are more detail than in the CER

model. Also the cost equations do not have the same error

COST REPRESENTHTION FOR
1 C-130

cost equatiaons

ARIRFAAME = 13 X, + 100 X,+ 12 X, +
2.5 X,+ .03 X5+ 750 X,

ENGINES = 150,000 X; + 520 Xz + 3700 Xg +
6200 X,,
WHERE . .
X, =ribs in feusaiage
X, = windows
X3 = aluminum sq. Ft.
X, = pipes Ft.
X s = rivets
X, = hudraulic pumps
X, = compressors
Xg = fuel pumps
Xo = propellors

Xm = fuel filtrotion systems

Figure 3 Engineering cost model example.

associated with the CER’s because these cost equations are

10




the real world relationships between physical construction

and cost.

Accounting. This seems to be the most detailed of the
models types, summing costs over system components at a very
low level, taking into account such needs as personnel,
training, etc. This methods takes an encrmous amount cf
information, such as lists of "contractor supplied LRU’s ...
flying hour programs and development scenarios ... Labor
rates, inventory costs and repair cycies times, for example"
(Collins:55).

Figure 4 shows an example of a portion of an accounting
model. Notice that subsystems must be accounted for at a
very low level. This would continue until virtually every
part in the aircraft, and all the service costs, have been
accounted for.

The reader may notice that the different types of
models seem to be a progression of more and more detailed
cost models. For this reason there seems to be a consensus
among authors that the less specific models are more useful
early in the acquisition cycle when little is known about

the proposed system (Collins:56; DoD:3-10; Krisch:1527).

11



COST REPRESENTATION FOR

1 C-130

RIRFRAME

rivets
screws
windows
floor board
hinges
seats
wire

| ]

door adjustment daor seals
hydraulic pumps carpet

hydraulic lines boosters
interior lights light bulbs
throttie cables yoke

hydraulic valves insulation

manual switches
s

+

RAIRFRAME

total cost

Random Number Generation

This portion of the literature review is concerned with

the generation of random numbers, the simulation of samples

conforming to a given cumulative density function. A

cumulative density function (CDF), or distribution, is

simply a function that makes a generalization about a

population of values.

identify the probability that a number drawn at random from

Given an initial value, the CDF will

12




the specified distribution (or population of numbers) will

be smaller than the initial yalue:

CDF(X) = P{x = X) (3)

A number drawn at random from the population is called
a random deviate since we don’t know exactly what its value
will be, or how far it will deviate from the expected value.
Random deviates are useful because they allow modelers to
sample from real-world processes.

Computer programming is by nature very structured,
making the generation of random numbers no trivial matter.
Winchmann and Hill offer the following from von Neumann,
"Anyone who considers arithmetical methods of producing
random digits is, of course, in a state of sin"
(Winchmann:127). Since any numbers generated by the methods
to follow are reproducible by rerunning the same code again,
they are not truly random. These numbers are called pseudo

random deviates. These pseudo random deviates can be just

as effective as truly random deviates if the generation
method is designed with care, and the reproducibility they

allow can be an aid in experimentation.

General Sampling Techniques. There are various methods

for generating samples from some specified distribution.

13




The following methods were drawn from Pritsker, but they are
commonly found in the literature (Pritsker:707):

1) Inverse transformation

2) Rejection

3) Composition

Ross adds another general technique, also common in the
literature (Ross:442):

4) Hazard rate

Inverse Transformation. Pritsker makes it clear
that the inverse transformation, or inverse CDF method, is
by far the easiest method to use (Pritsker:708). This method
entails using a function that is the inverse of the CDF
function to generate properly distributed variables. Since
the CDF returns a probability (between zero and one)
associated with some value, the inverse CDF begins with a
number between zero and one to produce the value associated
with the given level of probability. Since the CDF of the
distribution in question must be invertible, this method is
not applicable for some of the commonly used distributions.
Like all other methods discussed in this section the inverse
transform method requires the generation of numbers
uniformly distributed between zero and one. A simple
uniform random number generator (U[O,1]) may be found in

winchmann et al (not used here), but the construction of

14




U(0,1) generators is not the subject of this section
(Winchmann:127-128).

Rejection. Tadikamalla gives a very good summary of
the rejection method, alsc known as acceptance-rejection, as
developed by Von Neumann (Tadikamalla:925-928). Rather than
using the CDF described above, rejection makes use of the
PDF associated with the distribution being modeled. The PDF
is the first algebraic derivative of the CDF. The area
under the PDF curve, taken between two points, gives the
probability that & randomly drawn value will lie between the
two points. The key is to find some other function, whose
value returned for a given zero-one number will always be
larger the value of the PDF at the same point. This is
known as a majorizing function. This majorizing function
must be easy to sample from (by inverse CDF or some other
method).

A uniform zero-one variate and a variate from the
majorizing function are drawn. If the uniform variate is
smaller than the ratio of majorizing function value to PDF
value, keep the variate as a sample from the designated
distribution, otherwise draw new variates and try again. It
stands to reason that the closer the majorizing function and
the real PDF are, the fewer variates are rejected; so the
smaller the difference between PDF and majorizing function,
the more efficiently random numbers are generated

(Tadikamalla:925-928).

15




Composition. This method may be used when the
density function can be written as a weighted sum of other
distributions (with the sum of weighting factors totaling
one [Pritsker:710]). To sample from the designated
distribution, fist sample from the component distributions
and sum according to the weighting factors to create one
random variable.

Bazard Rate. The hazard function (H) is defined as

the ratio of the PDF to the CDF (Ross:442): .
H = PDF/CDF = P(t < x < t + dt| x > t) (4)

This specifies the probability of a random variable x being
greater than some value t + dt given that x is greater than
t. Leemis (Leemis:892-894) as well as others recognize that
the hazard function for any probability distribution has
unit exponential distribution, a known probability
structure. The inverse of this hazard rate can be used to
generate random variables similar to the inverse
transformation method.

There are other methods for generating random variables
that make use of the special properties of particular
distributions. Special algorithms have been developed for
sampling from most of the commonly used distributions which
are faste} than the general techniques. While Pritsker

(Pritsker:710-711) gives a tidy outline of these, only the

16




methuds applicable to the distributions needed for this
research will be discussed in the next section. Also
outlined by Pritsker is the idea that there may be useful
working relationships among the various methods for

generating random variables.

... the compocsition method may employ the
inverse transformation method to select a
subdistribution and then any sampling procedure to
obtain a random sample from the subdistribution.
The acceptance/rejection method is frequently used
where majorizing functions are defined for
portions of the distribution function. Thus, it
should be clear that the methods for generating
random samples are not necessarily used
independently. (Pritsker:710)

Specific Gereration Techniques. Since the rajority of

the random numbers needed for life cycle cost estimating
must be distributed according tc the beta aistribution, this
section will focus on generating beta deviates. The beta is
useful for modeling symmetric or skewed unimodal data. The
beta differs from the normal by the lack of long tails that
extend out to positive and negative infinity, enabling the
representation of populations having discrete upper an lower
limits. Unfortunitely the CDF of the beta distribution
cannot be inverted, so the inverse CDF method is of no use.
Furthermore, the combination of the first four moments of
the beta make it very difficult to sample from by any

method. For that reason the literature is mainly concerned

17




with the generation of two-parameter beta variates as the
ratio of two-parameter gamma variates. Ross offers the
following formula for obtaining a beta variable with

parameters n and m (Ross:452):
Beta(n,m) = Gamma(n,l)/ (Gamma(n,l)+Gamma(m,1l) (5)

The parameters are often noted as (a,f) elsewhere in the
literature.

Fishman provides a comparison of his improved method
for generating gamma deviates to the algorithm of Wallace,
developed earlier. The following is Wallace’s algorithm as
reported by Fishman:

For integral a method 2 uses (7) [see paragraph
below]. For non-integral a the six steps are:
1. Generate a uniform deviate U.
2. If U<=1- a + < a > then generate X’ from (7)
using b=<a>.
3. Otherwise, generate X’ from (7) using b= <a + 1>.
4. Generate a uniform deviate U.
5. If U <= (X’'/t’) t’ / (1-t’+t’X’/t) then X’ has the

pdf in (2).
6. Otherwise, go to step 1. (Fishman:408)

where t is <a>, the largest integer contained in a, and t’
is a-t. Fishman’s (7) refers to the negative natural log of

a multiplicative sum of a uniform deviates, the standard

18




method for calculating integral parameter gammas

(Fishman:408;Tadikamalla:925;Wallace:693):

-Ln Hiq U(o,1), (6)

while (2) refers to (Fishman:407):

L}

f x (X,a,B8)= c(a,B)a(a,p)g(X,a,f)h(X,a,f) 0 s X =

=0 elsewhere (7)

0 = h(X,a,B), )

[ h(X,a,f)dx = 1 (9)
0

0 < g(X, a,B) < =, (10)
a( a,f) < 1/g(X, a,8), (11)
l/c(a,p)y = a(a,B) . g{X,a,8) h(a,B) dx (12)

The method proposed by Fishman is computationally
easier and proves faster as implemented on the IBM 360/75.

The steps for Fishman’s algorithm are:

1) draw an exponential variable X with unit mean
2) draw a U(0,1) number,

3) if U(0,1) <= (X/exp(X+1l)) a-1 then multiply X
by a, then keeping this product as a gamma random

variable other wise return to step 1.
(Fishman:408).

19




Although the two methods may seem fundamentally
different, they differ only in the choice of the majorizing
function h(X,a,B), which does not even clearly appear in
Fishman’s method. Both these methods employ the rejection
technique outlined in the general techniques section.

Another similar method is proposed by Tadikamalla, and
compares favorably with Fishman for small values of a and
is considerable better for larger values of a. This method
uses the generation of Laplace variates
(Tadikamalla:925-928).

Since many random beta variates will be generated in
the course of modeling life cycle costs, efficiency and
speed is very important. Kronmal and Peterson propose a
modified Rejection method with Acceptance-Complement
methodology that avoids repeating steps and has useful
design flexibilities (Kronmal:271-281).

Greenberg has implemented a new density function able
to approximate the type of data generally modeled by the
non-integral gamma distribution through the mixture of
integral gamma deviates which are much more quickly
calculated (Greenberg:32-33). The method is quite simple
and fast, but is not a true gamma, and using a ratio to
generate beta variable is not recommended by Greenberg;

however, it is possible that this density function could be

20




used to directly model the data used to estimate costs,
rather than to mimic a beta distribution.

Along the same lines , Ramberg, Dudewicz, Tadikamalla,
and Mykytka have proposed a Generalized Lambda Distribution
(GLD) that can take on the shape of virtually any of the
commonly used distributions (Ramberg:210-214). Once again,
the beta cannot be simulated directly but the authors have
confidence in betas generated via ratios of gamma
approximations. Although this would be slower than using
one of the mofe direct gamma generators, the power of the
GLD lies in its uses for exploring sensitivity analysis.
Since the distribution can be shaped virtually any way, it
can be tweaked to test the sensitivity of a model to any
certain input distribution assumption. Indeed such a study
was undertaken by the authors (Ramberg:210-214).

Alsoc mentioned in the general techniques section was
the use of the hazard function. Recall that the hazard
function is the ratio of CDF to PDF and is unit exponential,
and known density structure. A proof is offered by Devroye
(Devroye:281). Devroye offers as many hazard rate based
generation methods as have been noted already in this
section, but applications to the beta distribution do not

seem to be available in the literature.

21




III. Methodology

Model Definition

The first step in identifying the proper model is to
research the models available. Of the various types of LCC
modeling found in the literature, the methodology that is
most appropriate for preliminary analysis is the parametric
CER method, or cost factor model.

The cost factor model uses CER’s and single variables
as cost components to define the total cost of the system.
For example, for some aircraft the radio cost may be
represented by one single variable, the navigation system by
a CER, and the engines by more CER’s. Each of these cost
factors also has some specific time frame (R&D costs are up
front whereas operating costs occur later in system life).

CER’S - Recall that a CER is a cost estimating
relationship (a regression equation). For example, the cost
of a radio may be estimated by three dollars per channel it
receives, twelve dollars per watt of transmitting power,

plus fifty dollars for the basic chassis:

22




C=B,+F,X,+ B, X (13)

radio cost

$50.00

$3.00

$12.00

channels

watts transmitting power

<«
(L T | I [ I

N N R

CER’s attempt to estimate costs for future products
based on characteristics shared with past products. The
future products must have characteristics in common with the
past products, to allow forecasting according to regression
equations (based on those characteristics). Forecasting the
cost of new technologies must be perforﬁed with great care.
Obviously the gost of the B-2 engines cannot be estimated by
comparison with the engines from the F-84, because the two
do not share many characteristics.

The characteristics are the explanatory variables for
the CER’s, or regression equations. The distributions and
parameters of each input variable must be specified.
Additicnally the f parameter estimates and their covariances
must be known, along with the MSE of the regression.

Three basic types of CER’s will be available in the
model; natural logarithm, learning curve, and linear
(regular) with explanatory variable power transformations

allowed (Box:531). The overall system cost may be composed
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of up to twenty CER’s, with each CER allowed up to ten
components, or explanatory variables.

SINGLE VARIABLES - Some costs can be adequately
represented by a single variable from one of the eleven
available distributions. For example, the cost of a tire
may be nocrmally distributed by N(150,12) due to fluctuaticns
in availability. Again the distribution and parameters for
each variable must be specified when the system is defined.

A limit of twenty single variable cost components imposed.

MONTE CARLO METHODOLOGY

The cost simulation methodology will be to predict the
cost associated with each CER cost component and each single
variable cost component (through random number generation),

summing all these up to get one overall estimate of system

cost:
n m
TOTAL COST ESTIMATE ;| = £ CER ; + I single variable (14)
j=1 k=1
where
n = number of CER’s
m = number of single variable cost components.

By viewing many repetitions of this estimate the
analyst may get an idea of the true cost distribution
underly.ng these sample costs.

CER’S - Predicting the cost associated with one CER can

be ~ very complicated task. The following steps capture the
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essence of the process. These steps are detailed more
thoroughly in Chapter 1IV.
1) draw a set of dependent f§ parameters from a
multivariate normal distribution according to the
f covariance matrix.

2) sample each explanatory variable from the
proper distribution.

3) transform each variable by the appropriate
power.

4) multiply each transformed variable by the
appropriate f value.

5) sum the products.

6) add a normally distributed N(O,MSE) value to
the sum.

7) distribute the value of the sum according to
the time phase specifications, then find the
present values.
S8INGLE VARIABLES - Single variable cost components are
much simpler to simulate. Each variable is sampled from the

appropriate distribution, time phased, and converted to a

present value.

TIME PHASED SPENDING

After each cost component has been estimated (CER’s and
single variable cost components), it must be adjusted to a
Present Value (PV) before it is added to the overall system
cost. Obviously money spent during different phases will
have different PV’s due to the discount rate (interest).

For example: Farmer Brown owes $100.00 to the Farm
Equipment Corporation and $100.00 to the General fkeed Store.
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However, the equipment bill is not due until next year. If
the current interest rate at the local bank is 10%, Farmer
Brown may invest $90.91 and allow the money to collect

interest, or "grow" to $100.00 over the next year:

PV($100.00) = 100/(1 + r) " = $90.91 (15)
where

r = periodic interest rate, 10% here

N = number of periods into the future, 1 here

The feed bill however, must be paid now, costing Farmer
Brown the entire $100.00. This is the concept behind
present values; "How much will I have to invest now to have
SXXX.XX at some point in the future?" Obviously this depends
on how far into the future the money is due and the
prevailing interest (or discount) rate.

This creates a need for the user to specify the timing
of the money tc be spent and the current interest rate. The
spending process is broken into four periods, called the
NOCOST period, Phase In period (PI), Constant period (CON),
and Phase Out period (PO). The user must specify the length
of each of the time periods (which may be zero) for each
cost component.

Figure 5 shows examples of various time phase
configurations. The total area associated with each year
(ie. under the curve between 0 and 1 for the first year)
will determine how much of the money from the cost component
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Figure 5 Spending timelines for cost components.

in question will be spent that year. Note that the second
spending timeline has no NOCOST, PI, or PO period, and the
last has only PI and PO periods. Remember that each
separate cost component has its own timeline, and that the
sum of these timelines would give an overall $/year timeline

for the system.
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Although this method does not nail down the exact
amount of money to be spent each year, it requires only four
time parameters from the user, and it will suffice for

preliminary cost analysis.

OUTPUT ANALYSIS

Now that a set of cost estimates for the system in
question has been produced, through Monte Carlo simulation,
the set must be examined. It is wise to gather as much
information as possible about the simulation and its output
since the experiment cannot be run with the real world
system. The object of this section is to guide the user
through descriptive tests and procedures designed to explore
the underlying distribution of possible costs for the system
in question.

FREQUENCY HISTOGRAM - A frequency histogram is a
graphical representation of the number of data points that
fall into each of a set of numerical ranges, or classes.
Viewing a histogram can lend insight to how the population
underlying the data sample is distributed. Figure 6 is an
example of a histogram (produced by the Frequency Histogram
option of this software and converted to black and white).
This figure shows the number of data points that fall into
each of the numerical classes. The upper class bounds are
written at the bottom of the graph under the boundaries of

the bars. The X axis is in the units of the data set. The
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Figure 6 Example of a histogram.

Y axis is the frequency of observations.

MOMENTS - The first two moments of a sample, the mean
and variance, give some idea of the data range and spread.
This information can facilitate comparisons among data sets.
Also useful are the extreme high and low values, the
standard error of the variance estimator, and the median, or
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the fiftieth percentile of the data (see the next heading

for more percentile information).

QUANTILE ESTIMATION -~ Quantiles, or percentiles, deal
with the order, or rank, of data pcints. The fiftieth
percentile is the middle pcint of the data after the set has
been sorted (ie. of 3, 4, and 5, 4 is the fiftieth
percentile). The fiftieth percentile is also called the
median. Unless the data of interest is normally or
uniformly distributed, the median is often more useful than
the mean in describing the typical value of the data
points.

The value of any quantile, from anywhere above 0 to
anywhere below 100, can be estimated. Thus at the ninetieth
percentile value, X, there is a ninety percent chance that
subsequent random values (from the same distribution) will
be lower than X. Another way to state this is that ninety
percent of the values drawn from this distribution will be
less than X.

NON-PARAMETRIC PROBABILITY - At times it would be very
useful to know the probability of drawing a number smaller
than some reference value from a give population. This is a
very simple problem should you know the true distribution of
the population and its parameters (mean, variance, high,
low, a, B etc.). However, the analyst will rarely know the

distribution type of the simulation output data. Rather
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than performing some lengthy set of weak tests to ascertain
which distribution is at hand, it is possible to use
nonparametric order statistics to estimate the probability
introduced above.

The problem of finding a probability associated with
some value, is the opposite of quantile estimation, finding
the value associated with some level of probability. Both
quantiles and protabilities are yet another way to conduct
comparisons among the cost distribution of competing
systems.

Note that the descriptive methods described so far are
non-parametric, meaning they do not require any assumptions
about the distribution underlying the sample data.

T-TESTS FOR SAMPLE MEANS - Through T-tests the analyst
may test the hypothesis that the means of two systems’ cost
distributions are the same. These tests are very important
because point estimates of means, as well as other
parameters, can be very misleading. The fact that the mean
of one sample is higher that the mean of a sample drawn from
a different distribution, is not enough information to
conclude that the underlying distribution means share the
same relationship.

T-TEST 1 - This T-test is for two independent
populations with the same variance (02). Although the
variance need not be known, the hypothesis of 0,2 =0, 2

must be tested (with failure to reject) before this T-test
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can be used. This T-test assumes normally distributed
samples are used, which is a good assumption for large
samples since X approches normality as the sample size
approaches infinity.

T-TEST 2 - This T-test is for two populations
with the unequal variances (02). The variances need not be
known, and need not be tested for equality. However, this
test should not be used unless the test above is invalid due
to differing variances. The test above is a much stronger
test, meaning it will be able to reject the null hypothesis
(4, = u, ) more often, without more error. This T-test
assumes normally distributed samples and independent
populations, like the test above.

T-TEST 3 - This test is for paired data. It
is not aqﬁiopriate for analyzing the output from this Monte
Carlo simulation, but it is offered for use with other
simulations or observations. The populations in question
should be dependent. Elements within pairs of observations
can and should be correlated, being observed from similar
scenarios. For a more complete discussion of paired data
see Johnson (374) or any other elementary statistics text.

NON-PARAMETRIC TESTING - The following section will
outline how to perform tests similar to the T-tests above,
but without making assumptions about the underlying

distributions. Additionally these tests will allow
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hypothesis testing for any quantile, or probability, for any
two distributions.

TEST FOR EQUAL QUANTILES - Quantile estimation
can be used to test the hypothesis that the N quantiles
of two distributions are equal, provided confidence
intervals (CI’'s) have been alsc estimated. Simply stated,
if the CI for the N' quantile of sample set A intersects
with the CI for the N'° quantile of sample set B, then fail
to reject the null hypothesis. Should the two CI’s not
intersect, reject the null hypothesis.

It should be noted that such joint use of the two
confidence intervals (each encompassing a amount of risk)
compounds the risk associated with the a values used to
create the confidence intervals.

For example, if the two confidence intervals are
created with a = 0.1 (as in the program) then the total
confidence in the outcome of the test is a product of the

separate confidences:

(p]
1}

T
I - a (16)

or

9]
i

(1 -a) * (1 -a, ) =0.81 (17)

providing the separate confidence intervals are independent
(they are when produced by this Monte Carlo simulation

program). If the two intervals were not independent (ie.
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produced from the same run of some other simulation program)
the a’s are added to get the overall amount of risk

associated with the test:

c 21 - z_l” a . (18)
or

would describe the confidence in the test above, if the
confidence intervals were not independent. This is known as
the Bonferroni inequality (Kleijnen:41). The actual
confidence is greater than or equal to the resulting

confidence factor, thus the name evolved.
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Iv. IMPLEMENTATION

RANDOM VARIABLES

The heart of a Monte Carlo simulation is the set of
random number generators, and the heart of all the random
number generators is the uniform(0,1) generator used to feed
them. This U(0,1) generator was taken from Numerical
Recipes: The Art of Scientific Computing (Press:199). This
generator was tested for mean, variance, and serial
correlation (see Appendix B). There were no apparent
problens.

Although it is possible to speed up the random number
generators by programming them in assembly language, this
hampers flexibility in support of the code. So assembly
language was not used. All the univariate distributions
below are available for single variable cost components as
well as CER input variables.

BETA SAMPLING - The nine beta distributions shown in
Figure 7, taken from Dienemann, provide a wide range of
characteristics. The beta deviates are generated using
the ratio of gammas discussed in Chapter II, Eq(3). The
gamma variables used for the ratios are generated using
either Fishman’s or Wallace’s method (one is much faster for

a £ 1.0). Both are discussed in Chapter II. The beta
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Figure 7 Input uncertainty probability distributions
(Dienemann:14).

deviate is generated on the (0,1) interval and multiplied by

(hi-low) and then added to the low value specified by the

user:

Beta(a,B) (140 = Beta(a,f) ;) * (hi-low) + low (20)

NORMAL SAMPLING - In addition, the normal distribution
is also available for CER explanatory variables and single

variable cost components. The analyst should exercise
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caution when specifying a cost as a normally distributed
deviate since normally distributed variables can easily have
nejative values (which make no sense in terms of cost and
cannot be used in power transformations). The normal

deviate is calculate by the following equation (Ross:447):

N(0,1) = (-2 1n(U ,(0,1)))Y? * cos(2rn U,0,1)) (21)

This produces a standard normal deviate. To achieve a
deviate from the proper distribution, the value must be

multiplied by the standard deviation and added to the mean:

N(u,02) = N(O,1) * (0) + 4 (22)

UNIFORM SAMPLING - [The easiest of them all.] A
uniform sample is create by multiplying the U(0,1) deviate

by the (hi-low) and adding it to the low:

U(low,hi) = U(0,1) * (hi-low) + low (23)

MULTIVARIATE NORMAL SAMPLING - This is the most direct
and technically pleasing way to account for the variance of
the B parameters of the CER’s. The f’'s must be distributed
according to their means and the covariance matrix,

Bo.. =~ (B,(X’X) ! 02). The following set of steps captures

the essence of the process:
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1) reduce the covariance matrix to its Cholesky
square root (Maindonald:17)

2) draw a vecter of independent, standard normal
deviates

3) multiply the vector by the Cholesky matrix

4) add the estimated means to the remaining vector
of deviates.

or
Qsam;;?e = Q_ * -Ii + QHAT (24)
where
[of = Cholesky square root of covariance matrix
N = vector of independent standard normal
deviates
B .7 = estimated means

samle = one sampled vector of dependent normals

This is the same type of algorithm used by the IMSL library

routine.

COST ESTIMATION
Each CER is evaluated according to its type. Linear
CER’s are the simplest (described in Chapter III). The

natural logarithm CER’s are handled much like the linear

CER’s with two exceptions:

1) after each explanatory variable is sampled, its
natural log is taken

2) after the rolling sum for that CER is totalled
its exponent is taken (inverse natural log, ie.

é’otal ) .
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Let it be clear that the X variable must be specified
in its actual form for Ln CER’s; the program will take the
In of the explanatnry variables durirg the calculations.
The output variable is return in its standard form as well,
the exponentiation is taken care of by the program.

For example, suppose

Yy=xF% xR (24)

and the X variables are uniformly distributed between 5 and

10. The f parameters are estimated by:

Ln(y) = F1 Ln(X ;) + f2 Ln(X ,). (25)

with linear regression software. For the purposes of this
program, X, and X , should be described as uniform with
low=5 and hi=10. The program will handle the natural
logarithms and output Y (not Ln[y]).

The learning curve CER adds one more twist. It too is
a natural log process, but after the final CER value (e™%)
is calculated, it is multiplied by X,, the first
explanatory variable. This is because learning curve CER’s
apply to individual parts, needing to be multiplied by the
total number of parts purchased (X,;) to find the total cost

for that component. Like the Ln CER’s, the variables for
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the learning curve CER’s should be specified in standard

form (non-log).

POWER SFPORMATIONS

Power transformations on the input variables can lend
extra explanatory power to liinear equations. In essence,
these transformations allow nonlinear fitting with linear
software and methodology.

The process for finding the optimal power
transformations (Bcx:) has been implemented along with a
basic regression tool in the limited version of MATRIX (also
written by the author). This implementation of the Box
algorithm accepts up to 39 input variables and up to 80
observations, which is usually adequate in light of the
small data sets used to produce CER’s. It should be noted
that power transformations can only be estimated by using
the original data. The user must first estimate the power
transformation, then transform the data and generate his own
new CER.

Note: MATRIX cannot take a power transformation on a
variable with a negative value. Ensure that no power
transformation is specified for any variable that can
possibly be negative. Be especially wary of normally
distributed variables.

Use of this program will provide the uter with the

optimal power transformation value (a) for each explanatory
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variable (one CER at a time). Since this is accomplished
through successive regressions, the original data used to
generate the CER must also be used to find the correct
transformation.

For example, if the fixed part of the model is

actually:
Y =X,/ +x,° (26)

the algorithm will return a values of 4.0 and 0.33 (or very
near there) for X, and X , respectively when given the X
matrix and Y vector. The analyst must then make the
transformations to the X data and estimate a new CER (MATRIX
can do both). The a values and the new f values (along with
covariances and MSE) that are estimated using the MATRIX
program are then entered during the'CER definition phase of
the model builder program.

Box and Draper (Box:296) offer a lengthy discussion on
process of estimating power transormations which boils down
to the following steps:

1) fit a the model Y ,6 = % .p i X ; + error
2) formZ ,, =F;* X ; *LnX;)

3) fit a model with the Z’s as new input variables,
Y =L X, +A, Z + error
i

u u

4) for A ; that are significant (using t-test), set
a. = A + 1

1 i
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5) raise X ; to the a ;, power for all a , that are
significant, across all observations.

6) repeat steps 1-5 until no Z’s are significant,
keeping track of the cumulative effect of each a.

TIME PHASED SPENDING

Remember that each CER of single variable cost
component has its own spending timeline defined by NOCOST,
PI, CON, and PO. Figure 5 shows the spending time line for
a CER. The total length of this spending process is seven
years (tbtal of NOCOST, PI, CON, and PO). This means that
the money associated with the CER (the output variable) will
be spent in seven lump sums, one payment at the end of each
year (the model assumes spending at the end of each period).

NOTE: The actual spending profile should be based upon
the likely pattern of payments to the constractor (progress
payments are often embodied in the contract). This may or
may not correspond to the expected delivery date(s) of the
hardware.

The goal is to find how much of the money is spent each
year, as specified by the four time period values. The sum
to be paid at the end of each year is proportional to the
amount of area under the curve in the block for that year.
In Figure 8, the area of C, associated with year 1, is just

over 3% of the total area:

proportion = C / (A + B) = 0.1666 / 5.5 = .03 (27)
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Figure 8 Present value calculations for time phased
spending.

That means that just over 3% of the total cost associated
with this CER will be incurred at the end of the first
year. The sum due at the end of each year 4s calculated in

the same basic geometric fashion.
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Once the total cost associated with one cost element
has been broken down into yearly expenditures, each
expenditure must be adjusted to a present value. The
adjustment is made with Eq (13) from Chapter III. The sum

of all these present values:

N
Component cost = Z;qPV i (28)
where

N = nocost+pi+con+po (years over which to spend money)

is the final cost associated with this one cost element (CER
in this case). The total system cost (life cycle cost) will

be the sum of the present values of all the cost components:

M K
TOTAL COST = % PV (VAR ; ) + I PV (CERQL (29)
J=1 P=1
WHERE
M = number of variable cost components
K = number of CER’s

Software Production

The routines have been be consolidated into a single
program with a homogenous control structure. The user
interface is a system of pop-up menus and windows with
cursor selection for novice users, as wellAas first letter
selection to facilitate "command language" use by
experienced users.
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Documentation

The User’s Manual (Appendix A) will provide every bit
of information needed to operate this software. The
function of each menu item is discussed, and a one example
tutorial is provided.

Appendix C provides all the source code for the Monte
Carlo simulation program and the MATRIX program. Inline
comments and the readable style of Pascal code make it quite

understandable.
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V. CONCLUSIONS AND RECOMMENDATIONS

THE GOAL

The goal of this effort was to develop a tool to enable
quick preliminary analysis and comparison of weapon system
costs. That goal was realized. The PC environment is quite
adequate for the simulation of LCC costs. Parametric LCC
estimation is both quick and easy.

VALIDATION/VERIFICATION

Verification was performed on each procedure and the
system as a whole. Remember that verification is checking
to see if the code performs as intended. Validation, on the
other hand, is checking to see that the methodology that has
been implemented in the code actually model the real world
closely enough.

Validation is difficult because this software is a
model building tool. The user builds his own model of the
real world with the CER’s and single variable cost
components he uses to describe the costs.

This program will accurately and consistently produce
forecasts of the costs, as they are described by the user.
Whether or not the user’s model accurately captures the
essence of his part of reality is beyond the control of the

author. Bottom line: the user must validate his own model.
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RECOMMENDATIONS FOR FUTURE RESEARC

VARIANCE REDUCTION - Each output parameter generated by
any simulation is an estimate. It is only natural to want
the best possible estimate of each parameter. Variance
reduction offers the possibility of increasing the power of
this simulation software. Whether or not the common
techniques of variance reduction can tighten the confidence
intervals generated by this software without biasing the
estimates of the output distribution’s spread is not clear
to the author. Due to time constraints sufficient research
and experimentation was not performed in this area.

Since all source code has been documented and provided
herein, the software should not cease to develop. 1In
particular, the use of variance reduction could be studied
through experimentation. Several runs of a model using
various types of variance reduction, and none, could provide
adequate data for an analysis of variance describing the
effect of the different variance reduction techniques.

PARAMETRIC LCC ESTIMATION VALIDATION - Now that a
powerful and easy to use tool has been provided, the
validation of parametric cost modeling can be undertaken
much more swiftly. Essentially, a follow-on to researcher
could probe that actual value of the modeling methodology

without having to sweat the details of implementation.
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RANDOM DEVIATE GENERATION - It has been suggested that

triangular distributions can be used in place of beta
distributions with little loss in accuracy. 1If this is the
case, then a great deal of time may be saved by replacing

the acceptance/rejection generators used for beta deviates.
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APPENDIX A: INTERACTIVE LIFE CYCLE COST FORECASTING TOOL

USERS’ MANUAL

APPENDIX OVERVIEW

The purpose of this users’ guide is to assist with the
actual keyboard entries necessary to use the software. The
three sections of this manual do no contain sufficient
information to use the software properly. Theory,
methodology, and assumptions should be reviewed in the
preceding chapters before the software is used.

The fist section deals with the user environment;ﬂthe
menu system and the entry conventions required by the
language. The second sectioﬂ is a listing and description
of the functions available. Provided in the third section

is a numerical example with a keystroke by keystroke

tutorial.

THE USER ENVIRONMENT

RESPONDING TO PROMPTS - There are certain conventions

that must be observed when using this software, most of them

deal with data entry. Following is a list of the most

commonly violated conventions.
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REAL NUMBERS - real numbers (eg. 2321.234 or 0.345)
must be entered with at least one digit left of the decimal
and no commas. Reals less than one may not be entered
without a leading 0. For example, .5 is not allowed, nor
are fractions such as 1/2; 0.5 is the only way to enter the
value. The value 10,567 may only be entered as 10567 or
10567.00 or 1.0567E4. -0.03329 can only be entered as such
or as -3.329E-2. Notice that scientific notation is

allowed, as used in the preceding examples.

INTEGERS - integers must be entered much like reals
except that decimals and digits left of them are not
allowed. Like with reals, commas are not allowed. For

integers scientific notation is not allowed.

FILE RAMES - When the user is prompted for a
filename, a string of up to eight characters may be used.
These characters may be letters, numbers or symbols. No
extension is required or allowed. Extensions are assigned
automatically depending on the file type. Data set files are
give .SET and the LCC system files are given the .STM
extension. Following each file name prompt will be a

default name. To accept the default name simply press CR.

EXCEPTIONS - The above rule concerning file

extensions does not apply when the user is prompted for the

50




file to read in the READ ASCII option. Nor does it apply
when the user is prompted for the filename to write in the
WRITE ASCII option. These filenames should be given the
appropriate extensions since they apply to ASCII files, not
data set file used by this software. The data set files

will still retain their .SET extensions.

THE SCREEN PRINTING PROMPT - In some of the
routines, the user has the option of getting a printout of
the graphics that will appear on the screen (FREQUENCY
HISTOGRAM, TIME SERIES PLOT, MOMENTS, XY PLOTS). Simply
answering yes to the prompt will not ensure that a hardcopy
of the screen will be produced. This option works only if a

screen dump utility has been installed.

With some systems the DOS command GRAPHICS is
sufficient (this DOS feature does not seem to work for all
computer-monitor-printer combinations). Some printer
manufacturers provide custom screen dump routines for their
printers. Another possibility is using a public domain dump
utility such as EGADMP that is provided with the CHART

package.

Once one of these utilities has been installed,
graphics may be printed by requesting a dump from the

routine, or simply pressing SHIFT and PRTSCR simultaneously
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while the graphics are on the screen. The same action will
dump a text screen to the printer. If lines and boxes do
not appear on the hard copy as they do on the text screen,
exit the program and issue the DOS command GRAFTABL. This
enables DOS to send the extended ASCII characters that
define lines and corners to the printer. Some printers
require that the IBM mode be activated to print these

symbols. Check your printer manual.

MENY OPERATION - This sub-section deals with the
specific operation of the menus. This is a custom, pop-up
menu system written by the author in Turbo Pascal 4.0.
Figure 9 is a black and white reproduction of the main menu.
This menu offers six choices; the data menu, the statistics
menu, the T-testing menu, the Files menu, the Random
deviates menu, and setting a new seed for the random number
generators.

A menu choice is selected by pressing the key
corresponding to the first letter of the choice. Note that
all the first letters are in bold type to remind you of this
selection method, To select the statistics menu press the S
key.

Another way to select a menu item is to use the arrow
keys to highlight the desired item and press the carriage
return (or enter) key. Notice that the Data choice is

underlined in Figure 9. This indicates that this item would
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be highlighted in a different color on the computer screen.
Pushing the down arrow once would cause the Data item to
return to normal colors and the Statistics item to become
highlighted. This is much easier to see with the software
actually running on the color screen.

If a mouse is installed with cursor key emulation, the
mouse may be used rather than the cursor keys. One of the
mouse buttons must emulate the carriage return key for
actually selecting one of the menu items. A mouse driver is
provided with the package (for the Genius family of serial
mice).

The QUIT option on the main menu is replace by a BACKUP
option on each subordinate menu. The BACKUP option takes
you back up one level to the previous menu. For example,
selecting the BACKUP choice from the data menu will make the

program exit the data menu and return to the main menu.
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GENERIC MODEL BUILDER -- by Dave Sumner

MAIN MENU

Data

S8tatistics
T-testing
Files

New seed
Random deviates

Quit

0 A - O U U G50 VU U

Figure 9

MENU LAYOUT - Figure 10 shows the layout of the menus.
This will make it easier to find a function without roaming
through the entire menu system. Unlike some commercial
packages that claim to enable their users (pun intended),
these routines are laid out in logical groupings.

Some menu choices call another menu, while others
perform functions. The thick boxes with capital captions in
Figure 10 represent menus while the thin boxes with lower
case captions are procedures. For example, the DEFINE
option on the DATA menu is actually a subordinate menu
offering several choices, while the ENTER option is simply a

keyboard data entry procedure.
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MAIN MENU
DATA STATISTICS]} |T-TESTING FILES RANDOM DEV
enter —{read ascij —{ uniform |

I_EOBQB-M _

modify

combine |

average

il
i

—{write asc{ —{ normal |

time piot]

—1dir *set |

— beta

]

—disk dir |

— multivar |

DEFINE SYS

seed

,I_qulﬂc-@m _
save

Figure 10 Menu layout for Model Builder.
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AVAILABLE FUNCTIONS

DATA MENU - The data menu handles the ’administrative’
duties such as data entry, correction, combination, and
viewing. One mathematical routine, averaging, is offered.

ENTER - Allows for data entry from the keyboard.
Saves the data set to a .SET file for use with the
statistical functions. See READ ASCII under the file menu.
After selecting this item a work window will be opened and
the user will be prompted for a file name under which to
store the new data set. If the file name entered already
appears on disk, the user will be notified and asked if he
wishes to proceed (overwrite). Answering yes will not
overwrite the file yet. Enter one data value at a time,
pressing the carriage return (CR) after each value. After
typing in all the values, enter a "q" at the next prompt.
The user will get a chance to change the name of the new
data set, or overwrite the o0ld data set if a data set with
the same name already exists.

VIEW - This option writes the data values to the
screen. It will scroll without pausing if there are more
values than space on the screen. The <contrcl S> keystroke
can be used to stop the scrolling, but a better idea is to
write the data to an ASCII file (see FILE menu) and view it
with your favorite editor.

MODIFY - Allows the user to change any data point in

a set providing the user knows the number of the point that
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needs to be changed. Not very useful for large data secs.
It is easier to write the data to an ASCII file, edit with
your own editor, then read the ASCII file back in (see READ
ASCII and WRITE ASCII at the FILE menu).

COMBINE - Prompts the user for two data set names.
Reads the sets from disk, concatenates the second file onto
the end of the first and saves the new data set to disk.

AVERAGE - The only mathematical routine on the DATA
menu. Will prompt the user for a data set name. After
reading the set from disk the routine will ask for another
data set name. The values of the two sets will be averaged,
ie. the mean of the first value of each set, then the mean
of the second value from each set. The routine will
continue to prompt the user until the user enters "g" to
indicate that no more files should be averaged. This is
useful for averaging the observations between simulations
runs wiihoul averaging within the runs, for tasks such as
beginning of steady state identification.

DEFINE SYSTEM - This item calls another menu, the
LCC system definition menu; This is where cost simulation
begins. Here a system is defined, with variables and CER’s,
so a Monte Carlo simulation can be run to forecast the cost
distribution of the system in question.

VARIABLES - This item allows the user to define

the single variable cost components. The user will be

prompted for a filename. If the file already exists, the
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"-- File read --" message will indicate that the user is
updating a file that already exists. If the name is new and
unique, the "-- New file --" message will indicate so. Now
enter the number of single variable cost components for this
system. For each variable enter the variable type, an
integer from Figure 11, along with the appropriate
parameters as they are prompted for. Be sure to know the
NOCOST, PI, CON, and PO values before sitting down to define
the variables.

CER’S - Prompts for information defining CER’s.
File name prompt and message are exactly like above. Entes
the number of CER’s, and the number of the CER to be defined
now (each CER must be defined with a separate pass through
this option). As the prompts suggest, enter all the
information associated with the CER. First the number of
input variables for the CER. Next define each variable and
its power transformation. If no transformation is desired
enter "1.0".

After the input variables are defined, enter the
estimated § parameters. Next enter the covariances, paying
careful attention to which covariance the routine is asking
for (eg. cov[l,1]=var(B,], cov(l,2])=cov[Bf . B,]). All that
remains is to enter the MSE from the regression used to
determine the CER.

As noted above this routine must be called three times

to define three CER’s. It is a good idea to save the file
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Skewed left Symmetric Skewed right
High X- 15 &= f-135 =05
Variance 8 . ﬁ: L5
Type 1 Type 2 Type 3
o - -8 =215 &
g-10 B30
Medium
Variance
Type 4 Type 5 Type 6
o - X:f-40 X: 1.
B -1 B- as
Low
Variance
1 _ 3 g
Type 7 Type 8 Type 9
Type 0 - constant. no variance.
Type 10 = uniform distribution. High and low user defined.
Type 11 - Normal distribution. Mean and var user defined.
Figure 11 Available random

number distributions
(modified from Dienemann:14)
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each time a CER is added, just in case.

RATE - Prompts the user for the interest rate
to use for the present values. This interest rate should be
entered as an Annual Percentage Rate (APR). For example if
the current interest rate is 10% annually, enter 10.0. _If

o interest rate is desired enter 0.0. here must be
value for interest rate.

8AVE -~ Saves the information entered to a
system definition file with a .STM extension for use with
the Monte Carlo simulation module. It is prudent to save
the system file between each phase of definition (variables,

CER’s, and interest rate).

STATISTICS MENU - This is the section of the program
that does most of the actual work. Nearly all the numerical
processing routines are handled here.

MOMENTS - Prompts user for a data set name.
Calculates the mean, median, variance, standard deviation,
low, hi, and number of data points for the set.
Additionally a 1 axis plot of the data is created to
facilitate identification of outliers, or clusters.

Figure 12 shows the display generated by this routine.
The two tick marks near the cente: of the number line are
the mean and the median (color coded with the words in the

table no the actual screen). Note that the data points are

lined up along a number line. Note also that if more than
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LO HI
File = nornal Mean = 0.00516

Sanmples = 500 Median z -0.02558

Lo = -2.84136 Variance = 0.98128

Hi = 2.79131 S. Dev = 0.99060
Jackknife statistics:

Z Mean = 0.98128 2 S. Dev = 1.33552

J) Jackknife Statistics M) Back to Menu

Figure 12 Example of MOMENTS output.

one data point has the same value, then all the data points
(dots) are stack vertically at the position on the number
line associated with that value. This can give the analyst
some idea of the spread, or distribution of the data, but
the frequency histogram is more suited for this purpose.
The jackknife statistics given are an unbiased estimate
of the population variance (Z mean) and the standard error
of that estimator (Z std dev). These figures are used to
draw a symmetric confidence interval on the population
variance, in the same way the sample mean and sample

standard deviation are used to draw a CI for the population

61




mean. The jackknife statistics are calculated only at the
user’s request (by selecting "J" while viewing the plot).
FREQUENCY HISTOGRAM - After prompting the user for a
data set name, this routine will ask a series of questions.
listed below are the options corresponding to the questions.

1) Printout - Answer by selecting "y" or "n". This
forces a screen dump, making a hardcopy of the graph. See
EPe conventions section for more information.

2) Number of classes - Answer by entering an integer
between 5 and 20, inclusive. Sets the number of classes, or
ranges, and the number of bars on the graph.

3) Automatic classing - Answer by selecting "y" or "n".
If "y" is chosen the range of data will be separated into N
equal width ranges, N being the chosen number of classes.
Otherwise, the user will be prompted for the upper limit for
each class. This is useful for viewing two distributions
under the class structure.

Figure 13 offers a sample histogram with nine classes.
The number of classes will vary with number of samples and
type of data, but nine is usually a good starting place.

TIME OT - After prompting user for a data set
name, this routine will offer the option of using a moving
average. If the user enters "y", he will then be prompted
for any odd integer, specifying the size of the moving
average window. This will result in the plotting of the

moving average points, rather than the actual data. This
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CLASS BOUNDARIES
Figure 13 Example of a histogram routine output.

option is good for checking the data for serial correlation.
This is not useful for the output of this model building
program.

Figure 14 shows an example of a time series data plot.
Note that the text displays the size of the moving average
window (0 if moving average is not used). The line through
the data represents the mean (color coded to the word mean
and the number on the actual screen). Only the first 500
data points will be plotted.

XY PLOT - Provides an X vs Y plot of two data sets.
The user is prompted for two data set names. One axis is
scaled to one data set, the other axis is scaled to the
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File = uniforn
Mean = 0.90373
Rindow = 0

Figure 14 Time series option output.

other data set. The data points are plotted as pairs such
as (dataA[l],dataB[1]), (dataA[2],dataB[2]), and so on. The
means of the two data sets are drawn as lines through the
appropriate axis (these are color coded with the file names
on the screen). This option is useful for identifying
correlation between two data sets. A discernable pattern.,
suggests that there may be some dependence or relationship
between the two variables. Figure 15 shows a graph made by
the XYplot option.

QUANTILE ESTIMATION - After the user is prompted for
the data set name, the quantile estimates will be displayed
on the screen. Point estimates and 90% confidence intervals
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will be provided for 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 25%, and 75%.

N~P IC PROBABIYL - This routine will
prompt the user for a filename, like the QUANTILE routine.

Then the routine will prompt for a reference value. The

File = betas File = uniforn
Mean = 0.24291 Mean = 0.50373
Var = 2.642E-0002 Var = 8.083E-0002

Figure 15 Example of an XY plot.

65




routine will display the probability that the next value
drawn from the data set will be less than the reference

value. A 90% confidence interval is provided.

T-TESTING MENU - This menu offers the three T-tests
described in Chapter III. For more information concerning
the assumptions asscciated with each test, see Chapter III.

T-TEST 1 - The user will be asked for the names of
the two data sets to compare. Next the user will be
prompted for the F-test a value. After the F-test is
performed with failure to reject, the user will be prompted
for the a value for the T-test. The results will be
displayed.

T-TESTS 2&3 - The user will be asked for the names
cf the two data sets to compare. Next the user will be
prompted for the T-test a value. The results will be

displayed.

FILES MENU - This menu handles importing and exporting
ASCII text files and checking the contents of the current
disk drive.

READ ASCII - Reads a single column of textual
numbers into a data set file. Multiple columns and
nonnumeric characters are not allowed. The user is prompted

for the name of the ASCII file to read (include the
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extension when answering this prompt) and then the name
under which to store the data set.

WRITE ASCJII - Writes a single column of textual
numbers into an ASCII file. The user is prompted for the
name of the data set file holding the information and then
the name of the ASCII file to write (include the extension
when answering this prompt).

SET DIRECTORY - Provides.a list of the files on the
current disk drive that have the .SET extension.

DISK CTORY - Provides a list of the files on the
current disk drive according to the file specification
entered by the user. For example, to see all the files that
have the .DAT extension, enter *.DAT at the file

specification prompt.

RANDOM DEVIATES MENU - This menu handles the routines
that generate random deviates. The user may write deviates
to a file or use them to simulate Life Cycle Costs.

RANDOM DEVIATE FILES - The first three options,
Uniform Random, Normal Random, and Generate Betas prompt the
user for the appropriate distribution parameters, how many
deviates to generate, and the name of the .SET file in which
to save the deviates.

MULTI-NORMAL - Generates vectors of dependent normal
variates. First the user is prompted for the number of

variables in the dependent set, ten is the maximum allowed.
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Next the user is prompted for the mean of each variable.
After the means are entered, the user is prompted to enter
the covariances of the variables. The user is also asked
how many vectors to generate. Each set of samples is
written as a row vector to the file MULTNORM.DAT.

IMULATE COSTS - This is the routine that generates
Monte Carlo samples of LCC’s. The user will be prompted
for the name of the system (.STM) file in which the costs
are described. See DESCRIBE SYS under the DATA menu for
more information. The user will then be prompted for the
number of runs, 2500 is the maximum. Finally the user is

asked for a file name for the resulting cost estimates.
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TUTORIAL

This section of the users’ manual is a walk through of
the software with a numerical example. A system will be
described, entered into the program, and its cost simulated.
Let it be clear that this example is grossly over
simplified, but it will serve to exercise all the routines
of the program. The statistical description procedures are
not walked through; only data organization, entry, and
simulation is covered here.

THE SYSTEM - John is starting a flying club. He needs
to estimate the cost of purchasing and operating a fleet of
6 small aircraft with a life expectancy of ten years. From
data about past purchases and operation of similar aircraft
John has developed a set of equations representing the costs
associated with this fleet of aircraft.

John will have two years of setup and aircraft
acquisition, after which the fleet of aircraft will be put
into service for ten years. So the entire process will
stretch out for twelve years. The current interest rate is
9.5%, and is expected to hold steady for at least twelve
years. Following are the equations and their explanations.

The first cost incurred is a setup fee, money needed up
front for maintenance equipment and facility renovation.

John knows how much this will cost as he has contracted this
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out, having already negotiated a package price of $32,000.

This cost is incurred in the first year:

C gp = X
where
X = 32,000

Next John must purchase the aircraft. The cost of the

aircraft fleet has been estimated by the following equation

(CER):
Coamarr = X, B x X zﬂz

where
X ,= personnel capacity of aircraft
X ,= thickness of aluminum skin
f ,= estimated at 5.2
g ,= estimated at 0.5

cov(f)= estimated at 1= 1.7, 2= 0.05, 1,2= 0.02
MSE = 1.2

John has decided that X ; will be 4 people. The
aircraft manufacturer has notified John that the thickness
of the aluminum sheeting (X,) is usually uniformly
distributed between 0.25" and 0.37". Since the aircraft
must be purchased after the first year of setup, this cost
will be incurred in year 2.

The next cost is the maintenance of the aircraft. It
has been shown that the maintenance and operation cost for
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six aircraft of this type can be forecasted by the following

equation:

Cuc=8, X + B, x;z

‘where
X ,= flying hours per plane per year
X ,= average humidity over aircraft life
f ,= estimated at 1,380

f ,= estimated at 22,000

cov(g)= estimated at 1= 205, 2= 1307, 1,2= 125.9
a, = 0.5

MSE 15,700

Having researched flying clubs in cocther areas of
similar size and demographic composition, John has estimated
the flying hours per aircraft per year to be beta
distributed between 1,000 and 1,500 hours, with a = 0.5 and
f = 1.5 (beta type 3, see figure 11). The local weather
archives reveal that the area’s average relative humidity
over a ten year span is beta distributed between 0.5 and
0.8, with parameters a = 4.5 and g = 1.5 (beta type 7, see
figure 11). Since the aircraft will not fly for the first
two years, the maintenance and operation costs will be
incurred from year three through year twelve.

The last cost John has to worry about is a set of
replacement engines. The FAA has made a ruling that small
aircraft engines and their propeller speed reduction gears
must be replaced after each five years of duty. John has
negotiated with the local aircraft parts retailer and has
settled on a price scale for the replacement engines. The
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scale depends on the number of engines purchase. The more

you buy, the cheaper they are:

- 1 2
c 1 ENGINE -Xl‘3 * XZB

where
C ey = average cost per unit
X, = number of engines purchased (lot size)
X, = number reduction gears per engine
g, = estimated at 0.95
B, = estimated at 0.3
cov(g) = estimated at 1= 0, 2= 0.05, 1,2= 0
MSE = 1,200

This is a learning curve CER. John will be buying 6
engines (X;) each having 4 reduction gears (X , ). Since
the original engines will be repiaced five years after start
of service, these new engines must be bought in year 7.
Note that C is the average cost per unit. The cost of this
cost component will be figured by mulitplying that average

cost per unit by the number of units to be purchaés, X,.

SETTING UP SPENDING TIMELINES

Now that all the costs are broken out, the value of
NOCOST, PI, CON, and PO must be determined for each cost.

COST 1: SETUP - Figure 16 shows the spending timeline
for this cost. The setup will occur in year 1, so the bill
will be paid at the end of that year. Since this bill will
be paid in its entirety the first year, there are no periods

of NOCOST, PI or PO. There will simply be constant spending
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P1=PO=NOCOST = 0
CON = |
CON
c 1 2 3 4 5 6 7 8 9 1011 12

Figure 16 .pending timeline for Cost 1.

in year 1. So the value of CON is 1.
COST 2: AIRCRAFT PURCHASE - Figure 17 shows the
spending timeline for this cost. The purchase will occur in

year z, so the bill will be paid at the end of that vyear.

NOCOST = |
CON =1
PI=P0=0

CON

c 1 2 3 4 5 6 7 8 9 10 11 12

Figure 17 Spendirg timeline for Cost 2.

This is just like the case of setup above, except the lump
sum is paid in year two. Since no money is due in year 1,
the NOCOST period is 1 year. The entire cost will be paid
in the single year following the NOCOST period (year two) so
the CON period is 1 year 1long.

S : MAI ANCE AND OPERA - Figure 18 shows

the spending timeline for this cost. The aircraft will
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begin to fly in year three. Since no money will be spent

NOCOST=2 PI=PC=0
CON=10

CON

3 i 4 i

— e bl
¥

o1 2 3 4 5 6 7 & 9 1011 12
Pigure 18 Spending timeline for Cost 3.

for M&O in years 1 and 2, the NOCOST period is 2 years. The
maintenance costs will be incurred evenly over the operating
life of the aircraft, years 3 through 12, or for 10 years.

So the TON period is 10 years. Again there are no PI and PO

periods.

COST 4: ADDITIONAL ENGINE PURCHASE - Figure 19 shows

the spending timeline for this cost. The purchase of all

the additional engines will occur in the fifth year of

NOCOST =6
CON = |
0O 1 2 3 4 5 6 7 8 9 10 11 12

Figure 19 Spending timeline for Cost 4.

aircraft operation, year 7. So the bill will be paid at the
end of that year. Since no money is due in years 1 through
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6, the NOCOST period is 6 years. The entire cost will be
paid in the single year following the NOCOST period (year
two) so once again the CON period is 1 year long.

Table 1 lists the values of NOCOST, PI, CON, and PO for

each of the costs described above:

Table 1

Cost : NOCOST PI CON PO
SETUP 0 0 1 0
AIRCRAFT PURCHASE 1 0 1 0
MAINTENANCE & OPS 2 0 10 0
REPLACEMENT ENGINES 6 0 1 0]

DATA ENTRY

To enter the data describing the system cost

components, start the program by typing its name, THESIS.
Select DATA from the opening menu by pressing D, or by using
the down arrow key to highlight the DATA option, and
pressing CR. Now select the DEFINE SYS option from the DATA
menu by pressing D. Now you are ready to begin entering
costs.

Begin by entering the only single variable cost

component, setup costs. Remember that this cost was a
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constant. Select VARs by pressing V. When prompted for a
file name, enter JOHNFLY. Next you are prompted for the
number of variables. Respond to the prompt by entering the
number 1, because there is only 1 single variable cost
component (the others are CER’s).

A new screen appears and you are prompted for the type
of the variable. Since our variable is a constant, enter a
0 (see Figure 11). When prompted for the constant value,
enter 32000 (no commas). Next you are prompted for NOCOST,
PI, CON, and PO in that order. Enter the values 0, 0, 1,
and 0 in that order, pressing CR after each (see Table 1).
Since there are no more single variable cost components, the
program returns to the DEFINE SYS menu.

To save the information you have entered so far, press
the S key to select SAVE. You are again prompted for a file
name, but this time the name JOHNFLY is offered in
parentheses as the default. Since JOHNFLY is the name you
want, simply press the CR to accept it.

Next you need to enter the CER’s. Select CER from the
menu by pressing C. Again you are prompted for a file name,
press CR to accept the default. When prompted for the
number of CER’s, enter the total, 3. Next enter the number
of the CER you want to describe. Start with 1, which will
be the MAINTENANCE AND OPERATIONS CER.

In response to the next prompt, enter the number of

explanatory variables (number of f§ parameters), 2. Next is
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the sequence of time parameter prompts for this CER. Enter
the NOCOST, PI, CON, and PO values as they are asked for,
just like in the single variable case. Next the screen
clears and you are prompted for the type of the CER; regular
(linear), natural logarithm, or iearning curve. Select
regular by pressing R.

The next group of prompts pertains to the explanatory
variables of the CER. For each variable you are prompted
for the type, high, and low (or mean and variance for
normals) just like with the single variables discussed
above. Since X, is distributed beta (a=0.5,8=1.5) enter 3
for the type (see Figure 11). Next enter 1000 and 1500 as
the low and high values. Since no power transformation is
desired, enter 1.0 at the a prompt. For the next
explanatory variable, follow the same sequence, except enter
0.5 for a value since that power transformation is indicated
by the CER describing the maintenance costs.

After you have described the explanatory variables, you
will be prompted for the estimates of the f parameters.
Enter 1380 for the first f§ and 22000 for the second. Next
you are prompted for the covariances. Be careful to note
which covariance you are being prompted for. First the
cov([1l,1] appears. Enter 205 since it is the variance of
B,. Next the cov[1,2] prompt appears. Enter 125.7.

Finally the cov(2,2] prompt appears, so enter 1307, the
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variance of f,. The last prompt is for the MSE. Enter
15700.

To enter the next two CER’s follow the same steps.

When entering the aircraft cost CER be sure to sélect
natural logarithm as the CER type. Describe the X variables
as the beta distributed variables they are. The program
will handle the logarithms and exponentiation. Be sure to
enter 1.0 for the transformation a’s.

For the replacement engines CER, select ilearning curve
as the CER type. Be sure X,, the first explanatory
variable, is the number of units to purchase. The CER
outcome, C, .., must be multiplied by X; to get the total
cost of the entire lot of engines, since the CER describes
the average cost per unit (engine).

The last step in data entry is to enter the current
interest rate. Select RATE from the DEFINE SYS menu. Enter
the APR, 9.5. Now save the system file one last time by

pressing S and and backup to the main menu using the B key.

ING MONTE CARLO SIMULATION

To run the simulation, proceed to the RANDOM DEVIATES
menu by selecting R and the main menu. Now select S to
simulate costs. When prompted for the file name containing
the system information (CER’s, rate, etc.) enter JOHNFLY.
Next you are prompted for the number of runs to perform, or

the number of estimates to make. Enter any integer between
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1 and 2500. You must also enter the name of the data set in
which to store the cost estimates. You may choose any name,
but it is best to keep the same name as the .STM file
containing the CER information. Enter JOHNFLY. This will

not erase the system information file.

SEEDS
The seed is set to a default of 12345 when the program

is initiated. If you run an LCC simulation today with the
default seed, and simulate the same system next week with
the defalut seed, the output numbers will be exactly the
same. You may change the seed upon initiating the program
to give different random deviates. Changing the seed is not
a dangerous procedure. The seed may be set to any integer
between 1 and 32000.
OUTPUT ANALYSIS

You are now ready to use the statistical description
routines provided by the program. For information
concerning the significance of each routine see Chapter III.
For specific program operation information see the functions

section of this appendix.
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ENDIX B: ATE GENERATOR OUTPUT

RVI
The purpose of this appendix is to demonstrate the
capabilities of the deviate generators used in the model
building program. Checks of mean, Qariance, and serial
autocorrelation are performed on each generator. There are
more powerfil tests for specific distributions available but
they have not been performed. The purpose of this appendix
is not to prove the theoretical accuracy of the random
deviate sampling procedures, but to demonstrate that they
have been coded according to the references provided, and
that they have no major flaws. For more rigorous validation
of the sampling procedures see the appropriate references.
The following sample statistics are provided via
TIS . Additional statistics and graphs are provided
from the model builder statistical functions, helping to

validate by comparison those statistical functions that have

been repeated).




UNIFORM(O,1)

Source: Press.

Type:

500 element test set: Observed
mean 0.5037
var 0.0808
low 3.0004
high 0.9970

Figures 20 and 21 are graphical depictions of the

Expected

0.5000
0.0833
0.0000
1.0000

output deviates, created by the model builder program.

Figure 18 shows the first 22 serial autocorrelations for the

500 element test set, as calculated by STATISTIX II.
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Figure 20 Uniform histogram
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[ I ]
LO HI
File = uniforn Nean = 0.50373
Samples = 300 Median = 0.350300
Lo = 0.00042 Variance = 0.08083
Hi H 0.99703 S, Dev = 0.28431
Jackknife statistics:

Z Mean = 0.08083 Z S, Dev = 0.07526
J) Jackknife Statistics M) Back to

Figure 21 Uniform moments.
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AUTOCORRELATION PLOT FOR UNIFORM

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 C.2 0.4 0.6
LAG CORR.
L g g g g Sp vy gy Y
1 -0.021 >*x* <
2 0.022 > *x*g
3 <«0.017 > % <
4 0.063 > **xg
5 =0.028 >Sk*x
6 0.043 > kAg
7 0.005 > % <&
8. =0.087 >kkx g
9 0.051 > kxg
10 0.051 > kg
12 0.084 > **<
12 0.006 > * <
i3 0.021 > kxg
14 0.035 > *kg
15 0.008 > % <
16 -0.038 >k*x <
17 =0.011 > * <
18 =-0.0256 >k*x <
19 -0.089 >k* <
20 0.0%96 > kk>
21 -0.014 > * <
22 0.008 > * <
23 0.004 > * <
24 -0.048 >k* g
25 =0.091 >**x <

MEAN OF THE SERIES
STD. DEV. OF SERIES
NUMBER OF CASES

Figure 22

4.883E-01
2.924E-01
500
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NORMAL(O,1)

Source: Ross.

Type:

500 element test set: Observed Expected
mean 0.0052 0.0000
var 0.9820 1.0000

Figures 23 and 24 are graphical depictions of the
output deviates, created by the model builder program.

Figure 25 shows the first 25 serial autocorrelations for the

500 element test set, as calculated by STATISTIX II.
L. T 1 O P O
087 e e e s ) .. e s e
F
R
E 125 oo
q
U
E
N
Y
e
-2.21351 -0.96381 0.28790 1.53960 2.7
-1.38966 -0.33793 0.9137S 2.16345
L1 ASS BOINDARIES

Figure 23 Normal histogram.
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C s me s semisd TR TS
PO ISR B I P PP r P e £ ry Sl 5 it S

| | ]
L0 HI
File = normal fean = 0.00516
Sawles - 500 Redian = -0.02558
Lo = -2.84136 Uariance = 0.98128

Hi = 2.79131 S. Dev = 0.99060
Jackknife statistics:

Z Mean = 0.98128 ZS. Dev = 1.339%52

J) Jackknife Statistics M) Back to Menu

Figure 24 Normal moments.
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AUTOCORRELATION PLOT FOR NORMAL
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

LAG CORR
g g LAy S ¥ S S S
1 -0.083 >ER
2 0.022 > ki
3 0.090 > xk>
4 0.003 > * <
5 =0.011 > % ¢
6 0.034 > hx*xg
7 =0.020 Shr g
8 0.066 > kg
9 -0.023 Skx &
10 -0.031 Sk*x
11 0.028 > k%
12 0.015 > * <
13 -0.038 SKx
14 0.025 > kkg
15 0.074 > *xg
16 -0.034 Skx
17 0.005 > %
18 -0.013 > * ¢
19 -0.015 > % <
20 =0.019 > * <
21 0.006 > * <
22 -0.069 Skk
23 0.004 > * ¢
24 -0.059 >kk
25 0.008 > * <
MEAN OF THE SERIES 5.160E-03
STD. DEV. OF SERIES 0.990
NUMBER OF CASES 500

Figure 25
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Source: Ross, Fishman.

Type: Acceptance-Rejection.

500 element test set: Observed Expected
mean 0.2447 0.25C0
var 0.0258 0.0268
low 0.0048 0.0000
high 0.7109 1.0000

Figuresv26 and 27 are graphical depictions of the
output deviates, created by the modél builder program.
Figure 28 shows the first 25 serial autocorrelations for the
500 element test set, as calculated by STATISTIX JI. Note
that the 20" autocorrelation appears significant.
Remembering the way risk builds when more than cne
confidence interval is considered sinultaneously we could
calculate that the probability of at least one
autocorrelation being out of its 90% CI when no actual

autocorrelations exist is over 0.95!
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250

187

<OXZMCOoOmMIM

0.08626 0.23374 0.42522 0.59471 0.76€
0.17100 0.34048 0.30996 0.67945

CLASS BOUNDARIES

Figure 26 Beta histogram.
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| T R
Lo M1
File = betas Nean H D.24291
Samples = 500 Median = 0.21280
Lo = 0.00152 Variance = 0.02642
Hi = 0.76419 §S. Dev = 0.16254
Jackknife statistics:

Z Mean = 0.02642 ZS. Dev = 0.03701
J? Jackknife Statistics M) Back to Menu

Figure 27 Beta moments.
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AUTOCORRELATION PLOT FOR BETA

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

LAG CORR.
g Sy S VS S Sy S
1 0.053 > k%<
2 =0.022 Sk%x
3 =0.018 > * <
4 -0.028 Sk* &
5 0.050 > Rk
6 0.028 > kg
7 0.052 > **xg
8 -0.088 Skx g
9 =0.064 Skx g
10 0.081 > x*g
11 -0.018 > % <
12 -0.012 > * <
13 0.063 > kxg
14 0.001 > %
15 0.039 > *kg
16 0.007 > * <
17 0.026 > kxg
18 0.023 > k%<
19 0.018 > * <
20 0.102 > KRSk
21 =0.025 >k*x g
22 <=0.036 Skx <
23 -0.067 >kx &
24 -0.004 > * <
25 0.056 > *kg
MEAN OF THE SERIES 2.447E-01
STD. DEV. OF SERIES 1.605E-01

NUMBER OF CASES

500

Figure 28
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IVARIA

NORMAL

Source: IMSL User Guide

Type:

500 element test set: Observed

mean

Covariances

x1
x2
X3

4.985

10.09

15.03
Observed
2.957 0.578 1.994
0.578 8.338 2.413
1.994 2.413 4.912
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APPENDIX C: TURBO PASCAL 4.0 SOURCE COOE

{85+} {Stack checking on}
{$ne} {numeric coprocessor yes}
{$~ 623CC,0,65536C}

PROGRA™ thes.s;

uses
cre,
Ces,
PRINTER,
Grash,
davemer., {* crigina’ menuing urit written by me *)
gavestai; {® origina’ unii written by me, houses many Statistical routines *)

(,:yryy'»r:vv"”t”x'r’vrvvv’Q’vt,!2'vtu't’v”t’tttrnr'ttvtt”",w’t,?trw9,)

(= 2
(* Note: the ilype anc variable declarations, along with many of* the D]
{* statistical anc file handling routines used ir this program *)
[0 are in the urit DAVESTAT, Some other routines along with all *3
{* the homemade scrolliing menu contro! routines are in the DAVEMENS *)
(* urit. Ssince those units have been included with the USES *)
{ statemeri, the program acts as if they were listed here. *)
(’ ,)

(l’0""vooo,o"n”’9!’!’!”!!*??R!’ktsﬂ*?’!?lﬂ!!"’k!!”!"i!!'?ﬂﬂ'x’ﬁk!l!’)

procecure mu'tinormal{var betas:doubvect;choi:tensg);

{* Tr's is an origina’ procecure ~ritter for multinorma! sampling using the~)
( cnoles<y square rocl of the covariance matrix. See IMSL for algoritrm. »*)
(» TFis routine is usec for generaiing depender: betas for cers evaluation.?)
var

r,A sinteger;
terms 2, Lemp sdouble;
beg‘r

r:=trurc{betas{l]}; (* This is the nunber of betas in this CER *)
mat2.malriLi=cngl; (* PUt the cnolesky square root of the cov matrix in MAT2 *)
matl.romsize:=n; (* These nex: 4 lines setup the sizes of working matrices *)
mat2.colsize:=n;

matl.co'size:=n;

matl.rowsize:=1;

(* ¢ra= the independert normals ancd put them in a vector *)

for x:= 1 to n do begin

temp c= rar3{seed;;

terp? t= ran3{seec;;

matl.matrix(i,x] 1= sQrt{-2*In{temp);*sin{2*pi*temp?);
end;

{* Postm.)iply indepencent normals by cholesky square root cf the covariance matrix *)
MuLTmat;
(* Now= add in the means tc complete the dependent multinprmal samples*®)
for x:=1 to n do
betas{x] := matI.matrix(l,«] ¢« betas{x];
end;

PROCEDURE MANUAL (SETG: INFO; VAR NUMARRAY:VECT:NUMG: INTEGER; VAR BOUNDARIES: twenvect);
(* this allows the user to enter his own class boundaries for the *)

(* frequency histogram routine. *
VAR X,V L INTEGER;

MIN,WIDTH : double;

go :boolean;
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{* original *)
BEGIN
FOR X:= 1 TO NUMG OC
BEGIN
WRITE('Upper boundary for class ',X,': ');doubleread{BOUNDARIES[X]);
writeln(' (inciusive)'};
writeln;
END;

for x:=1 to 20 do (* initialize the observed frequency vector *)
numarray al:=3;
numarray{Cli=1;

for x:=1 to numg dc beg'n {* Now count the observed frequencies, on class at a time *)

go:=irue; (* The data will be sorted before it *)

for y:= namarray{0] to setg.size do (* is sent to this routine, so using *)

if {setg.gata{y]<=houndaries{a}) anc go then (* the go flag allows me to make only *)

ngrarrayrxjisnamartayiaj+l (* 1 complete pass through the data to*)

else go:=¥a'se; (* count class freguencies. *)
ngmarray; S i=nagmarray{dienumarray(x];

erd;
ENG;

(* original *)
PROCEDURE autoclass{SETG: INFQ; VAR NUMARRAY:VECT;NUMG: INTEGER; VAR BOUNCARIES: twenvect);
(* this automatica'ly sets the calss boundaries for the histogram *)
(* it divides tne data range into equal calss widths *)
{* Tre data is sorted be‘ore it comes to this routine, like the routine above. *)
VAR X, ¥ L INTEGER;
MIN,WiDTH : double;
CUTTreg :twenvect;

siuff :filename;
(o :5o0lear;
BEGIN
MIiN = SETG.CATA{LY:
WIDTH 1= (SETG.CATA[SETG.SIZE) - MIN)/NUMG;
FCR X := 1 TS (NUMGS 0O
BOUNCARIESTX]:= MINeWCTH*X;

for x:=1 to 2C do

numarray (<j:=C;
ngrarrayf0:=1;

for x:=1 to numg do begir (* counting class frequencies just like procedure above *)
go:=true;
for y:= numarray({0] to setg.size do
if {setg.dataly]<=boundaries{x]) and go then
numarray{x]:=numarray{x]+l
else go:=false;
numarray(C}:=numarray S)+numarray{x);
end;
ENC;

(* deQue *)
PRCCECURE ANNXAXIS(XORI, YORI, XLEN, NUMX: INTEGER; XTEXTARR: ANNARRAYTYPE };
(* annotates the x axis for graphs *)
VAR y1, TEXTLENGTH, real«g,J,NUMTOD0: INTEGER;
SPACING :double;
BEGIN
SPACING:= XLEN/NUMX;
NUMTODO :» NUMX +1;
FOR j:= 1 TO NUMTOCC 00
BEGIN
TEXTLENGTH :» LENGTH{XTEXTARR[J]):
REALXG := round(XOR:+(J-1)"(SPACING;- (B*textlength/2});
y1:2280;
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if odd{j) then yl := 29C;
outtextxy(realxg,yl,xtextarr[i});
END;
XTEXTARR[0]:='CLASS BCUNCARIES';
o.ttextxy (280,320, xtextarr{l]);
ENu;

(* dedue *)
PROCEDURE ANNYAXIS{XCRI, VORI, VLEN,NUMY: INTEGER; YTEXTARR: ANNARRAYTVPE);
(* amnotates the y axis for grapns *)
VAR TIXT_ENGTH, XTEXT,YTEXT,J,NUMTCCS: INTEGER;
SPACING, REA_XG, REALYG rdoudle;
BEGIN
SPAZING:= YLEN/NL™Y;
NUMTOCC 1= NUwY . 1;
FCR J:= 1 TC KUPTCCC OC
BESIN
TEXTLERGT» 1= LENGTR{VTEXTARRICD);
REALXG := XCRI - (TEXTLENGTH * .0} -15;
REA_YG := YORI-SPACING”(J-1}-4;
outtextxy{round{realxg}, round{realyg;,ytextarriil};
ENS;
YTEXTARR[G1:='FREQUENCY ',
TOYTUENGTH 1= LENGTH{YTEXTARR{C]);
OA ji= 1 TC TEXTLENGTH OO
outtextxy{3C,120+j*1C,ytextarr[C]51);

ENG;

(* delue )
PROCECURT  AKISTEXT (VAR GTEXTARR: ANNARRAYTYPE ;NUMG: INTZGER; L DWVAL, HIVAL :double;
REALFORMAT:BCC EAN);
(» writes the text at the x axis *)
VAR INTERVAL,REALVAL:double;
INTVAL, O s INTEGER;
BEGIH
glestarr lji=" %
INTERVAL 1= (HIVAL - LOWVAL}/NUPG;
1F REALFORMAT THEN
FOR J:= 1 TC NuMG CC
BEGIN
REALMAL = LOWVAL + j * INTERVAL;
STR(REALVAL:12:5,GTEXTARR{J-1])
ExNO
ELSE
FCR J:= 1 T& NuUMG 00
BEGIN
INTVAL 1= TRUNC(C.S* (LOWVAL +TRUNC({INTERVAL)*J));
STR{INTVAL:3,GTEXTARR{J+1]);
ENC;

ENT;

(* deQue =)
PROCEDURE  MANXAXIS(VAR GTEXTARR:ANNARRAYTYPE;NUMG: INTEGER; BOUNDARIES: twenvect;
(* writes the x axis text when manual class boundaries are used *)
REALFORMAT:B00LEAN);
VAR INTERVAL ,REALVAL:double;
INTVAL,Q : INTEGER;
BEGIN
gtextarr{l]:e' ';
IF REALFORMAT THEN
FOR J:e 1 TO NumG DO
BEGIN
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STR(BOUNDARIES (s :12:5,GTEXTARR{J+1])

ENC

ELSE
FOP J:= 1 TO NUMG CC

BEGIN
INTVAL := TRUNCZ{BOUNSARIES(J]);
STR{INTVAL:3,GTEXTARR(S+1));

END;

ENS;

{(* gel.2 *)
PROZESURE DCXAXIS{XJR!,¥ORI, XLEN, NUMX: INTEGER);
(* tris actua’ly Graes tne lines for the x axis itseit *)
VAR X,J,K :INTEGER;
TEMP : deus’e;

"
v
= 1 TC Numx SO
M

EMF 1= KLEN/NOMATS;
= XORI « TRUNI{TEM?;;
INDIX, VORI, X, YOR 1T,

{* celue °}
PRICESUIT SOVAXISIXCRI, VORI, YLEN,NUPY, XLEN: INTEGER];
(¢ just lixe doaaxis except fer the y ax's *)
VAR ¥,0,K :INTEIGER;
TEMD : coul'e;
NE(XORD,¥YCR1, XCRi, YORI-voTh);
Jre 1 TS Ny OO
GA‘
TEw? tsround(YLEN/NL®Y )2
y YCRT - ROUNC{TIN?);

LINDIXORI-1C, Y, XCRIXEN, Y,

procecure graphix;
(* sets uo tre computer for the EGA 6304487 color mode *)
var
Graghoriver,Graphmoce,Errorcoce rinteger; { The Graphics device driver }
begin
{* INTTIALIZE TWE EGA & COLOR GRAPH{CS SCREEN 600k X 350v  *)
graphariver:=4;

graphmode:=1;
InitGraph(graphcriver, grapmmode, ' ' ); { activate graphics }
ErrorCode := GraphResdlt; { error? }

if grrorlode <> grok ther Degin
writeln( Graph-cs error: ', GraphfrrorMsg(ErrorCode;}};
Halt(i);
end;
enc;

<

{* highly modified deGue *)
PROCEUURE HISTOGRAM;

(* draws a freguency histogram basec on a data set *)
VAR NUMARRAY IVECT;
BOUNCARIES stwenvect;
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GTEXTARR < ANNARRAVTYPE;

XORI, VORL, XLEN, VizN, X, 7 DINTEGER;
NUMX, NURY, ULX, ULY, CRX, (RY, 0, MAXTLASS S INTEGER;
LOX, HIX, LOY,HIY,SCALEX, SCALEY, BARWIDTH  :doub’e;
REPLY,REPLYZ, AUTC, PRYYNT :CHAR;
REALFORMATX, REALFORmA™Y :BCCLEAN;
setg infoptr;
D :pointer;
£31%

mark{p}:

nee{se:g;

setwingons36,:2,76,18);

ReaZiniseig™;

1f {rot £XIS7i{set3".mame)} ¢~ (setg .SiZE<=2) THEN begin
re ease:;;

[V
erg;
MAXC_ASS:=C;
write's;
repest
write! MO~ many classes? (S 270: );intreadingma);weriteln;
WU Amard) 370 (Naw<2l)

.—~:e‘—;

WRITI 22 yCu wa”™t @ $rintout? ¢ 3 PRYNTD (E CREY;ariteln(’ ' ,pryri);
-vle'r;

ITONGXe=D Tt NGMAI=l

WU lel ALLOTELIC €335 hg? 1 ) ACTOI=REATKEV writeir{’ ,auto);

weile

Ng™vi: &
FCR X:= £ 70 NUPX OO NUMARRAY X1::0;
wRITE -- Please wartl -- )i
SCR™~R{se 5"} ;
1€ Lpcaselal”s)s v THIN auwteclassisetyt, NUMARRAY,NUMX, BOURCARIES)
T.St seg -
MANLAL(SELST, NUMARRAY NU™A, BOUNSARIES)
wRITE( -- Please wail -- 3
erc;

Ves S TA N ne
Yz L TS ONUM™X OO

TONGMARRAY X > MAXT_ASS THEN  MAXCUASS 1= NUMARRAY (X

<3

YO 1) 2) e 20 s

x5 1= 100; {* ‘et egge of grao~ )
voRT 1= 259; (7 top ecge of grapr )
X En = 482; ([ dergit gf a aais %,

YoEN o= 2105 (* lemgir cf y axis %)

REALSJAMATX:= TRJE; (* says 10 show x ax"s labe’ numders as rea:s *5
REALFJAMA™V:= FALSE; (* says 10 show y axis iabel ruambers as integers *;

grap-- <; (» in*tralize the gragrics ca=c mode *)

SETZOUORIREC); (* tmese three limes dras the x anC y axes in rec *)
TOXAXIS{XCRL, YORT, XUEN, NUMX ), (* draw x 3a3s *)
COVAXIS{XOR., VORI, YLEN NGMY XLEN); (* Graw y aais *)

LCx:=set5".CATA{3]; (” these two lines get n: anc low values, data is soried *)
HIX:=se<qg”.DATA{setg".SiZE];

SETCOLSRIWHITE

(* th-s next block figures class boundarwes, observec frec.encies, anu w~rites the axis text”’)
[T UPCAST{AUTE)= Y Thew AKISTEXT{GTEXTARR, No™X, L3, HIX, REALFORPATX)

ELSE MANXAXIS(GTEXTARR, tiumX, BCUNCARIES, REA.FORMATX);

ANNXAX]S{XOR],YOR}, X, £%,NUMX, GTEXTARR);

AXISTEXT(GTEXTARR, NuMY,C,setg”.S12E, REALFORMATY

ANNYAXIS(KORI, YORI, VLEN, Ny™¥, GTEXTARR;

SCALEY := 2.0*VLEN/Se-g".SIZE;

BARWIDTH :e XLEN/NUMX;

(* now draw the bars for the histogram based on observed frequencies per class *)
FOR j:x 1 TO NUMX CO BEGIN

(* this code calculates the proper hiegnt for each *)

(* par of the histogram and draws each bar 'n J-dhmensional form *)

ULX := XOR1 + TRUNC(BARWIDTH * (J-1));
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ULY 1= TRUNC{YCR! - NUMARRAV[(] * STALEY};

LRX = XOR!l « TRUNC(BARWICTw i)

bard0(ULX+1,ULY,LRX-1,Y0R!, B, TRLE);

(*BAR  (ULXe¢1,ULV,.RX-1,¥ORI}; TC HAVE 2.0 RATHER THAN 3-0 *)
END;

1F UPCASE(PRYNT)='V' THEN PRTSZ;
PAUSE : =REASKFY;
RESTQREIRTNICE;
re‘ease(D;;
ENC;

4 Ariomt N N
(torigima V)

9
PRIZEDLRE MONMINTS;

{* calc.lates mea~,var,median,anc jackr ' fing for a data set *)

(* alog = 1= 5 mcm7zo~ta’ piot for 1ge-i-Tying outliers *)
(» arc checxing the sgread of the data *)
VAR PRVNT,  a: :CHAR;

1,0 o R X, ™IS, RCRI, VORI, Xuih, 51, 41 rinteger;

GraprC-ive-, Graprmoce, Errarcoce T INTEGER;

NU™, MECTAN, (OX, nIX, XSCALE , MEAN, VARTANCE  :doub'e;

ST (FILERANE;

piag’CCIo" twore;

selg sinfoptir;

£ ipointer;
885N

ma"\\::;

ne«selgt;

Se'-;‘""‘-\BE,l:,TS 8‘

Rlnu‘W\Se.,‘,

IF (not EX;ST
release{s);

(setg”.rame; ) or (seiF .Si/t <= 2) THEN Degin

[P
enc;
write'n;
WRITI!'2c you =ant 3 printcut? @ ") PRYNT =READKCY;
wr’ {E";
wriig? -- Please wa‘t -- DN
PEARVAR(SELG", MEAN, VARTANCD ),
Sv‘(r"a\be-.5 J
LoX 1=sev3”.CATA(L];
HiX 1=setg”.DATA setg".SI7¢8];
XCR! 1= 63,
YOR| 1+148;
XLEN = 4BC;
i¥ Rix-104 < 5.00CC1 ther begin
writelr('No spreac “n the data, a.. - ',104;;

pause:=reag«ey;
release(o);
ei‘l;

erc;

XSCALE = XLEN/(HIX-LCX);

(* finc the med ar *)

F G0C(setg .SiZ&) THen MEDIA™ := setG .CATA[(:etg".SJZE + 1) Clv 2]
ELSE BEGIN :

Miv := setg .S12t CIv 2

MECIAN := (setg”.0ATA[M.0] + setg .CATA{MIC + 1j) / 2.0
END;

(* DRAW THE NUMBER LINE *)

Graphix;

SETCOLOR(WHITE);
LINE(XCR], YOR], XORI+XLEN, YOR| ),
LINE(XCRT, YORT, XORT, YCRI+10};
LINE(XCRT«XLIN, YORT, XORI+XLEN, VORI +10;;
QUTTEXTXY{XJRi-1C,YCR1+20, "LC");
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CUTTEXTXY(XORI+XLEN-10,YOR1+2C, 'H1');

(* PLOT THE MEAN TICK MARK and the Mecian tick mark *)

SETCOLOR(RED);
LINE(ROUNO((HEAN-LOX)'XSCALE)oXORI,VORZ«IO,ROUND((HEAN-Lox)'XSCALE)~XORI,VORX);
seteolor{lightgreen);
LINE(ROUND((Hedian-LOX)'XSCALE)oXORI.VDRIolD,ROUND((HEdian-LOX)*XSCALE)oxORI,VORX);

{* NOw PLOT EACK CF THE OATA PCINTS *)
SETCCLOR{VELLOW];
FOR j:= 1 TC seg .S
x1:=round{(sexg".C
yl:=VCR:-1C;
pixe'icolor:=getpixel {«li,yl);
wh'le DiaelcOlor=yellom d0 beg n (* IF THIS PCINT IS ALREAQY PLOTTED, ”)

2¢ OC beg'n
TAL]

ATATS}-LOX)*XSCALE) +XOR];

yii=yl-2; (* THEN GO uP TWO DCTS TC INDICATE THAT *)
pixelcclomi=getpixe’ {al,yl); (» WORE THAN ONE POINT IS PLOTTED HERE ?)
eng;
PUTRIXIL {Ad,y1,ye T0m);
ENS;

(* Now drae the tabu'ar data box at the boitome of ithe screen *)
SETCSLCR{wRITE);
LINE(45,205,45,32C);
LINZ(45,2C5,555,2C05)
LINE(555,205,555,32C
INE (45,320,555,32¢C)

(* Now corvert all the data to strings and write the strings *)
outtextxy(53,22C, 'File = '+selg”.NAME);

STR(setg .S12E:6,S57uF7); outtextxy (50,235, 'Samples = '+STUFF); ’

STR{104:12:5,5%.°7); CUTTEXTXY (53,253, 'Lo = Cestufl);

STR{= x::2:5,8%.°¢); guttextxy(5C, 265, Hi = estuff);

SETCC.ORIRED):

STR{mean:12:5,stuff); CUTTEXTXV(I0C, 220G, 'Mean = estuff);

setcclomlligrigreen); )

STR{MECIANIL2:8,8TUFF ), CUTTEXTXY(IC0, 235, 'Mediar = '+stuff);

setcolor{w-te};

STR{VARIANCE:12:5,58TUFF); OUTTEXTXV(3C0, 250, 'variance = '+STUFF);

STR{SGR:{VARIANCE}:12:5,STUFF); OUTTEXTXY(300, 265, 'S. Qev = '+STUFF);
CUTTEXTXY(50,335, 'J) Jackknife Statistics M)} Back to Menu');

jac:=-eackey;

IF UPCASZ{JAl)="J' THEN BEGIN
setco’or(writeshlink);

outtextxy (50,285, 'Jackknife statistics:");

JACK(setg", MEAN, VARTANCE);
STR{MEANI12:5,STUFF); outtextxy (50,300, 2 Mean = ‘estuff);
strisgri{variance}:12:5,stuff);outtextxy{3C2,300,'2 S. Dev = 'sstuff);
pause:=reagkey;

eng;

15 UPCASE{PRYNT)='Y" THEN PRTS(;

restorecrimoge;

release(s):

ENZ;

(» original *)
PROCEDURE PLOTit;
(* this plots one data set against another, basically an x y plot *)

VAR stuff :filename;
tempset,setg, seth tinfoptr;
PRYNT :CHAR;
¥,J,YLEN, L, R, X, m1D, X08], YOR] XLEN, x1,¥1 : INTEGER;

xscale, YSCALE,NUM, MEDTAN, LOX, HIX, MEAN, VARTANCE  :double;
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hi, hmean,hvariance, oh,nin rdouble;
p cpointer;
BEGIN

mark(p);

new(tempset);new(sesg);newnseth);

setwindow(36,10,78,18);

READIN(setg*);

iF (not EXIST{setg™.name)} or (selg*.SIZE <= 2) THEN begin
release(p);
exit;

eng;

reacin{seir");

iF (not EXIST{setr*.name}) or (seth”.SIZE <= 2) THEN begin
reease(p);
eail;

end;

write’n;

WRITE{'00 you ~want a printout? : ');PRYNT:=READKEY;write(prynt);

write'n;

write'n{ -- PLEASE WAIT --');

WRITELN;

MEANVAR{Setig”, MEAN, VARIANCE )

tempset”:=5etg";

SORTHR(setg™ )

LOX:=setg~.DATALL]:

HiX:=setg".CATA[setg .Si2E];

setg :=tempsel”;

REANVAR(SeLR™, RMEAK, RVARTANCE);

terpset®:aseth”;

SCRTAR{set"");

LChi=sein” . JATATL);

Hih:zseth".CATAlsetr".S1283;

setrs:=temsel”;

XCR1 := 8C;

YCR1  ::2iC;

KLEN  ::=25C;

Y EN:=19C;

I Roxohin then Rihizhix;

1f Rinzro . then Pixiznieg

YSCA Ez=V Eh/(nla);

xsca'er=xien/{rir};

(* dra= the axes *)

grantix;

SETCCLOR{WHITE);
LINE{XCR], YOR], XORI+XLEN,YCR]};
LINE{XORi, VORI, XOR], VCRI-YLEN);

(* P.O7 THE MEAN LINE ancd WRITE THE MEAN AND FILE NAME *)
SETCCLORIRED);
LINE(XORI+1,ROUND({YOR]-MEAN?YSCALE ), XORI «XLEN, ROUND (YOR]-MEAN?YSCALE) )
str{mea~:12:5,stu’") ;outtextxy (300,330, 'Mean = 'sstuff);
OUTTEXTXY(30D,32C, ‘File = ‘ssetg”.name);
str{variance:12,stu’’};outtextxy (303,340, 'var = 'astufry;

SETCOLCR(green);

LINE(round{<ORI+hMEAN?(SCALE),yori+1, round(X0R1+hmean*xscaie), YORI-ylen);
str(mmean:12:5,stuff);outtextxy (100,330, 'Mean = '+stuff);
QUTTEXTXY(100,320, 'File = ‘sseth™.name);
str(hvariance:12,stuff);outtextxy(10G, 340, 'var » legtuft);
setcolor(white);

(® NOW PLOT EACH OF THE DATA POINTS *)

SETCOLOR(YELLOW);

FOR ji= 1 TO setg .size DO BEGIN
x1:=round(XOR1+setr".data{J]”?XSCALE);
yl:=YOR]-TRUNC(setg™ . DATA[J]*VSCALE);
PUTPIXEL (x1,yl,ye'lom);
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end;
IF UPCASE(PRYNT)='Y' THEN PRTSC;
pause:=readkey;
restorecrtmode;
~elease(p);
END;

(* original »)

(» this plots the data in a time series fashion *)
{* it can plot a moving average of any odd size window *)
PROCETSURE TIMEP CT;

VAR AVERAGES, seig s INFoptr;
MOVING, PRYNT, jac sCHAR;
XSCALE, WINCOW, ¥, J, YLEN, L, R, X, MIC, XOR], YOR], XLEN, x1,y] :INTEGER;
SUM, YSCALE,NUM, MEZTAN, LOX, HIX, MEAN, VAR ANCE :double;
STUFF :FILENAME;
pointil, poin2 rintegeér;
pixelceic- cword;

o} :pointer;

BEGIK

marx(c};
nes{setg;;ne~{averages;;
setnindow{36,.C,76,18)};
REASIN{selg™);
iF {(rol EXIST{seig .name;,; or (setg”.SIZE <= 2) THEN begin
release(yp);
exii;
enc;
window:=3;
averages~:=setg”;
writeln;
WRITZ{'Dc you ~ant a prinmtout? : ');PRYNT:=READKEY;
writeln;
WRITE{ uUse moving averages? : ');MOVING:=READKEV;writeln(' ',moving);
writeln;
15 UPCASE(MCVING}="Y' THEN BEGIN
WikCOw:=2;
while not odc{«indow; do begin
WRITE{'Wirdow size fo~ averages (003): ');intREAC(WINDOW);
writeln;
ENG;
writeln{’ -- Please wait -- ')
for 1= 1 to {setg .size-window) do begin
(* now calcu'ate the moving average values *)
sumi=g;
for y:= 1 to window do
sum: s sarocetg .datalxey];
averages”.cata{x+(trunc{window/2)+1)]:=sum/windCw;

ENG;
ENC
Else writeln{" -- Please wait -- Ji
MEAKVAR(setg™, MEAN, VARTANCE )
SORTHR{setg");

LCX:=setg”.DATA1];
HIX:=setg*.DATA[setg".SIZE];
XORl  := BO;

YORD  :=210;

XLEN := 500;

YLEN: =140,

YSCALE: =YLEN/(HIX);

graphix;

(* DRAW THE NUMBER LINE *)
XSCALE:=TRUNC(S500/setg”.SIZE);
if xscale=0 then xscale:=1;
SETCOLOR(WHITE);
LINE(XORI, YORI, XORT+XLEN, YOR]);
LINE(XORI, YORI, XORI, YORI-VLEN);
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FOR X:= 1 TO TRUNC{1G/XSCALE; D0 BEGIN
L INE (XORI+X*50*XSCALE, YOR!, XORI+X*50”XSCALE, YORI+10);
STR(X*50:3,STUFF);
QUTTEXTXY (XORI+X*50»XSCALE -8, YORI 415, STUFF);

END;

FCR X:= 1 TO 4 DO BEGIN
LINE (XORI, YORI-X*35,XCR1-10, VCR{-X*35);
STR{{IHIX/4)*X):8:3,STUFF);
CuUTTEXTXY {XORI-BC,YOR:-(X*35)-4,STUFF);

END;

(* PLOT THE MEAN LINE and WRITE THE MEAN AND FILE NAWE )
SETCC.CR{RET);
LZNE(XORI¢1,R0JNC(VCR1-HEAN'YSCALE),XORI+XLEN,R0UND(VDRI-HEAN*VSCALE));
str{mear:12:5,stuff);outtextxy{250,330, ‘Mean = ‘+stuff);
setcolor(wnite;;

CUTTEXTXY (252,320, 'File = ‘esetgt.name);
strieingow:12,stuf¥);outtextxy (250,340, 'window = 'estuff);

(% NOw P.CT EACH OF THE CATA PCINTS *)

SETCOLOR{VELLOW); ‘

pcintl:=l;

POINT2:=setg".SITE;

1 WINCOwe> O THEN begir

(* calcatate the first ang last points who will *}

(* be plotiec depending on the window size, *)

{* since some cata pcints do not have a moving average *)
POINTL:=POINTI+1«TRUNC(WINCOW/2);
peirt2:=point2-trunc{window/2;;

erd;

CR j:= pointl TC PSINT2 DC BEGIN
xi:=round(XCRI+JI*XSCALE);
y1:=YORI- TRUNC (averages”.OATA[SI7YSCALE )]
PUTPIXEL (A1, yl,ye T0m);

engd;

IF UPCASE(PRWAT)='V' THEN PRTSC:

pause:=readkey;

resiorecrtmcce;

release(n);

ENG;

{* original 7)
PROCEOURE COMBINE;
{* tris appends a secong data set to the end of a data set *;
VAR X + INTEGER;
setl,set? : infoptr;
p : peinter;
BEGIN
mark{p);
new(setl);new{sei?;;
setwindo«(36,10,78,18);
TWCSETS{setl”,set2”);
IF (not EXIST(seti”.rame)} or (not EX]ST(set2”.name)) THEN exit;
WRITE{ 'Name the new set : ');REACLN(Set2".NAME};
writeln;
FOR X:= 1 TO setl”.SI2E 00
set2” .DATA[Xeset1.SIZE] := setl”.DATA[X];
set2*.SI1ZE := setl”.SIZE + set2".SIZE;
SAVE (set2”);
release(p);
END;

(* original *)
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Procedure ftestvar(seta,setb:info;var equal:boolean);
(» this perferms an f-ies: for egqual variances bel~een iwo data sets *)
var pvalue,alpha,fstat,vara,varb,meana, meand :double;
temp :string(15];
df1,af2, code sinteger;

begin
equalz=true;
writeln;
write'n{'Performing F test for Equal variances ...');
writeln;
meanvar{seta,meana,vara;;
mearvar(setb,meand,varb);
(* calculate the test siatistic and setl the degrees of freedom *)
if vara>zvarb then begin

fstat:=vara/vard;

¢flir=seta.size-1;

df2:ssetb.size-1;

erd
else begin

fslat:=varb/vars;

dfl:=setd.size-1;

df2:=seta.size-1i;
end;
{» now calculate the p value *)
pvalue:=fvalue{fstat, d’i,a72;;
write('Enter alpra leve' : '};doudlereac(a‘phal;
write'n;
if pvalue > aipra then

writeln{'F test passec ...')
else begin

ecual:=fa'se;

writelrn{'F test Taileg ...');

eng;

writeln{'var A = ',vara:i2:5;);
writeln{'va~ B = ',var5:12:5};
write'n{ Ary xey continues ...'):;
pause:=readxey,

end;

{* origi=a! *;
procedure titest;
{* a t-test for w0 sets «'th egual variances, independent sets ")

var egus’ :bosclean;
alpha,pvalue, tstat,spooled,diff,vara, varp, meana, meanb :double;
df tinteger;
seta,sett :infoptr;
p :pointer;

begin

mark{p;;

new(seta);new(setd);
tWOSETS(seta”, seth”);
IF (net EXIST(seta”.name}) or (mot EXIST(setb”.name;)then begin
release(s);
exit;
end;
(» first check to see if variances are equa’ *};
ftestvar(seta”,setb,equal);
if not equal then begin
release(p);
exit;
end;
meanvar(seta®,meana, vara);
meanvar(setb,meanb, varb);
diff:=meana-mearb;
df:=seta”.sizessetb”.size-2;
(* find pooled standard dev *)
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spooled:=sqrt(((seta”.size-1)*vara + (setb.size-1)*varb)/df);

if spooted < 0.000000. then begin
writeIn('s pooled = ',spooled:12:5);
writein;
writeln('s pooled < 0.00000C: ...');
writeln('leaving the test routine ...');
pause:=readkey;
release(p);
exit

end;

(* calcuiate the test statitic *)

tstat:=abs{aiff/spoolearsqri(l/seta”.size+1/setb . size)); (» use this to integrate t and get p value *

write'n;
writeln{'No~ performing T test.');
write{'Enter the aipha level : ');doubleread{a’pha):;
pvalue:=tvalue{tstat,df);
if pva'ue > alpra/Z ther begin
writein{'No eviderce L0 reject hypothesis ...');
erd
else beg:r
writein;
write’n{'Reject tne null hypothesis (A=8}');
writeir(' mears are statistically differert ...'};

eng;

writeln{'mear A = ',meana:l2:5);
write'n{'mear B = ',mean5:12:5);
write'n;

pause:=readxey;
re‘ease(p);
end;

(* criginmal *)

procedure t2test;

(> A t-test for independent sets, equa! variances not needed *)

{* This works like the procedure above w~ith different variance formula »)

var eGual thoolean;
starerr,pvalue,alpha,tstat sdoub’e;
spooied,diff, vara, varb, meana, meanb :double;
af rinteger;
seta,setdb sinfoptr;
p :pointer;

begin

mark(p);

new(Seta);new(setd);

twosets(seta”,seis”™);

IF not EXiST(seta“.name) then exit;

if not exist(setb”.name) then exit;

meanvar{seta”,meara,varaj;

mearvar (seth®,meanb, varb);

diff:2meana-meand;

stanerr::= gqri(vara/seta”.sizesvarb/setb .size);

if stanerr < 0.00CO0C1 then begin
writeIn{'standard error = ', stanerr:12:5);
writeln;
writein('standard error < 0.000CCCY ...');
writeln('leaving test rodtine ...');
pause:sreadkey;
exit;

end;

tstat:=ABS(diff/sqrt{vara/seta~.sizesvarb/setb”.size)); (* use this to integrate t and get p value *)

df:=seta”. size-1;

if df > setb”.size-1 then df:.setb”.size-1;
pvalue:stvaiue(tstat,d?);

write'r;

write( 'Enter the alpha: ');doubleread(alpha);
if pvalue > alpha then begin
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writeln;
writeln('No evidence to reject hypothesis ...');
end
else begin
writeln;
writeIn('Reject the null hypothesis (A=B)');
writeln(' means are statistically gifferent ...');
end;
writeln{'mean A = ' ,meana:12:5);
writeln{'mean B = ',rmearb:12:5);
writeln;
pause:=readkey;
release(p);
end;

(* original »)

procedure t3test;

(* weakest test, independence not needed *)

{* works basically like the above tests but requires paired data *)

var equa: :boolean;
standev, sJam, sumsg, alpha,pvalue, tstat,meana  :double;
x,samp’ es :integer;
seta,sets :infoptr;
2} :pointer;
begin

marx{p};
nea{seta);ne~(sed;;
twosets{seta”,setd"};
IF not EXIST(seta”.name) then exit;
if not exist{setdb.name} THEN exit;
samples:=seta”.size;
if samples > seitb~.size then samples:=setb”.size;
if samples < 2 then exit;
sum:=0;
SJmsG:=0;
for x:=1 to samples dc begin
seta”.datal«]:=seta".data(x]-setb".data{x];
SuUm:=sumsSeta.datarxl;
Sumsq: =sumsg+sqr(seta”.dataix]j;
end;
meana:ssum/sam’es;
standev:=sqrt{{samples*sumsg-sqr{meana)}/ (samples”{samples-1)}) );
if standev< 5.C0CCOCY then begir
writeln( 'standev =',standev:12:3);
writein;
writeln{ 'starndev < 0.000CCCI ...');
writeln{'leavirg the test routine ...');
pause:sreadkey;
exit;
end;
tstat:=ABS(meana/{standev * sqrt(samples)));
pvalue:=tvalue{tstati,samples-1);
writeln;
write{ 'Enter the alpha : ');doubleread{alpha);
if pvalue > alpha ther begin
wr.telr,
writeln{'No evidence to reject hypothesis ...’);
eng
else begin
writeln;
writein('Reject the null hypothesis (A«B)');
writeln(' means are statistically different ...');
end;
writeIn(‘mean = ', meara:12:5);
writeln;
pause:=readkey;
release(p);
end;
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PRCCEDURE uRANDOM;
(* generates a set of uniform samples *)
VAR x ¢ INTEGER;
seta : infoptr;
P ¢ pointer;
BEGIN
mark{p};
ne«{seta);
setwindow(36,10,78,18);
write{ 'hoe many? -
intread(seta“.size);
if seta*.size»15C0 then begin
write!n{ 'Number set to max of 25C0'};
seta”.size:=2500;
end;
wRITELN;
WRITE('Name fcr data file : ');
readIn{seta".namej;
setname:=5eta”.name;
writeln;
for x:= 1 to seta“.size do
seta~.data/x):=(ran3{seed;);
save{setla”);
ENC;

functior uniform(hi, low:double):double;
(* returns one uniform random variable *)
BEGIN

uniform:=rar3(seec;*{hi-low)+low;

ENC;

function power {number,exponent:double):double;
(* mancles exponentiation for positive numbers with any power
Yabel 13;
begir
if exponent=J ther
power:=1
else if number:=0 ther
power:=C
else i¥ nynber » C.C then
power := exp{exponerit?in(number);
else power:=number;
10:erd;

function wgrardom(aipra,beta:double):doub’e;
(* wallaces procedure for generating garma vars *)
(* This is called by the beta gemerating function *)
VAR temp3, tempd, temp?2, tempS cdouble;
label 10;
BEGIN
10: temp2:srand(seed);

templ:=int{alpha);

temp4:=aipha-temp3;

count:e=trunc(templ);

tempS:«1;

for y:= 1 to count do

temp5: =tempS*rani(seed;;
if (temp2 <= 1-alphastempd) then tempS:-tempS*rand(seed);
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tempS:=-1*1n(tempS);
temp2:=ranj(seed);
if (temp2 <= power(tempS/temp3,tempd)/(1-tempad+tempd*tempS/temp3)) then
wgrandom: =tempS*beta
eise goto 10;
END;

function fgrandom{alpha,beta:double):double;
(* fishman's method of gemerating gamma rv's *)
(* This is called by the beta genmerating function *)
var temp,temp2:double;
labe! 10;
begin;
10: temp:=-1*In(ran3(seed;);
temp2:=ran3(seed);
if (temp2 <= power(temp/exp{temps+1},alpna-1)) then
fgrandom: =alphartemp=heta
else goto i0;
ENC;

furnctior betavar(alpha,beta:double):double;
(* This gemerates beta vars by generating a ratio of gamma vars *)
var temp:double;
begin
i¥ alpha<l then temp:=fgrandom(alpha,l}
else temp:=wgrandom(alpha,l);
if abs{temp}>C.CCI then
if peta<l ther
betavar:=temp/{temp+fgrandom({beta,l})
else petavar:=temp/{temp+wgrandom{beta,l))
ELSE BETAVAR:=0;
END;

procedure lotsofbetas;
(» generates A SETOF beta deviates *)
VAR x : INTEGER;
seta sinfoptr;
P :pointer;
alpha,beta :double;
BEGIN
mark(p);
ne=(seta);
setwindow(36,10,78,18);
WRITELN;
write{'enter the alpha : ');
doubleread{alipha};
writein;
write('enter the beta : ');
doubleread(beta);
WRITELN;
write( 'how many? : ')
intread(seta”.size);
if seta”.size > 2500 then begin
writeln('Number set to max of 250C');
seta~.size := 25C0;
end;
count:=seta”.size;
wRITELN; .
WRITE('Name for data file : ');
readin(seta”.name);
setname:=seta”.name;
writeln;
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for x:= 1 to trunc(seta“.size) do begin
seta~.data[x] := betavar{alpha,beta);
end;
save(seta®);
release(p);
end;

procedure Nrandom;
(* generates A SETOF norma® deviates *)

VAR x s INTEGER;
temp, temp2,mean, variance :doudle;
seia :infoptr;
p :pcinter;

BEGIN

mark{(p;;

new(seta;;
set=indo~(36,1C,78,18);
WRITELN;

write{'enter the mean HEED N
doub’eread{mean);

writeln;

~~itel'enler the varia=ce: '};
doub eread{variance;;

WRITELN;

write{ 'hoe many? 'y
intread{seta”.size;};

if seta”.size > 2500 then begin

writeln('Ngrber set to max of 25CC');
seta“.size := 2500;

erd;

counti=setat.size;

wRiTELN;

WRITE{ Name for data file : ');
reagir{seta”.rave);
setrame:=seta” .name;
-writelr;

for x:= 1 to trunc{seta~.size/2) do begin
write'r{a);
terp :=ran3(seec);
temp?2 :=rar3(seed);
seta”.data[x+(trunc(seta”.size/2)}]:= sqrt(-2”In(temp))*cos(27pi*temp?);
seta”.gataj.) t= sgri(-2*In{temp))*sin{2=pi*temp?);
enc;
if pdd{seta“.size) ther begir
temp:=ran3{seed);
term2::ran3(seed);
seta”.data[seta".size]:=sqrt{-2*In{tem)}*sin(2*pi*tem?);
end;

for «x:= 1 to seta®.size do begin
seta-.datalx]):= (seta".data[x)*sqrt(variance))+mean;
end;
save(seta”);
release(p);
end;

function normal(mean,variance:double):double;
(* returns one normal deviate *)
var temp, temp2, temp3 :double;
BEGIN
temp := ranl(seed);
temp? := rand(seed);
tempd := sqrt(-221n{temp))*cos(2*pirtemp?);
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normal:= (templ=sgri{variance))+mean;
end;

procedure directory;
(» makes the call to check the disk directory for any file specification *)
var filespec:filename;
begin
setwindow{36,1C,78,18};
write{ 'Enter Oir mask : ');readIn{filespec);
wINICW(1,1,8C,25);
showdir{filespec);
enc;

(* original *)

procedure average;

(* this procedure averages each term of any number of data sets into one *)
var sea,setd tinfoptr;

dore,nur¥iles, x tinteger;
P :pointer;
begin
mark(p;;

ne«(seta);newn(setdb);
setwindow{36,1C,78,18;;
ngttiles:i=1;
writeln;
write!rm{'firgt file:');
writeln( zesxaxzreyy ).
reacin(sela”);
if not exist(seia”.name) and (seta~.name[l]<>'Q') then BEGIN
write'n:
write{ 'Cata file does not exist ...'j;
PAUSE : =REACKIY;
exil;
ENC:
repeat
dore:=(;
write'n;
writein{ 'Next file:’);
write! n{'#rrerrrsrs B
readin(setdb”);
if exist(sett”.name) then begin
for x:= 1 to seta“.size do
seta“.data[x]):=seta”.data{x]+setb".data(x];
nunfiles:=numfilessi;
end
else if (setb“.name<>'Q') and (Setb”.mamec<>'q’) then begin
write'n;
write('0ata file does notl exist ...');
PAUSE : =READKEY;
ENC
else if (setp”.nmame='Q') or (setb".name='q') then done:=1;
until dore=i;
for x:=1 to seta”.size do seta“.data[x]:= seta”.data[«])/numfiles;
clrser;
write('Name for new set: ‘);readin(seta”.name);
save(seta®);
release(p);
end;

procedure enterrate(var Sys:systemrec);
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(* This procedure allows the user to enter or change the interest rate *)

(» associated with a LCC system. »)
var tempname : worrd;
fil : file of systemrec;
begin
setwindow(50,15,78,22);
WRITEIN;

write{'File name? (',sysname,'): ');readIn(tempname);
1F TEMPNAME <> ' THEN
SySNAME : = TEMPNAME ;
tempname: =SySNAME ;
assign{fil, tempnames’'.stm');
if exist2(tempname«'.stm') then begin
rese:{¥);
read{“il,sys);
close(Til);

writelin;
writeln{ -- fije read -- ');
end
else writeln{’ -- news file -- ');
write'r;
write{'interest reate(apr): ');doub’eread{sys.raie);

erc;

procedure entvars(var sys:systemrec);
(* This routine allows the use~ to specify what types of single variable x)
{* cost components contribate io the LCC of the system.”)
var Counlvar : integer;
tempname : worrd;

fi : file of systemrec;
begin
setaindo={50,15,78,22);
WRITEn;

write{'File name? (',sysname,’) : ');readln{tempname;;
IF TEMPNAME <> ° THEN
SySKAME ; = TEMPNANME ;
tempname: =SySNAME ;
assigni{fil, terpnames . strm’);
if exist2{terpname.’.stm') then beg:n
reset{“i);
read{f ', sys);
close(“i1;;

writein;

writeln(' -- file reac -- ');
end
else writeln(' -- new file -- ');
write'n;

write{ How many Variables : ');intread(countvar);
window(1,1,85,25);c'rscr;

setwindow(3,2,78,22;;

writeln{ Single variable Components');

wri te’n( (ARPPRARPAARRAPARARARAARA SR P ' );

writeln;
FOR X:= 1 TO countvar DO BEGIN
WRITE (X:2," TYPE: *);DOUBLEREAD(sys.VARS[1,X];;

1f SYS.VARS{1,X] = C then BEGIN
WRITE( constant : ');
DOUBLEREAD{SVS.VARS[2, X))

END
ELSE IF SYS.VARS[1,X]<1l THEN BEGIN
WRITE(® LOW: ');DOUBLEREAD(Sys.VARS([2,X]};
write(” #l: ');DOUBLEREAD(sys.VARS(3,X]);
END
ELSE BEGIN
WRITE(" MEAN: °);DOUBLEREAC(sys.VARS[?,X]};
write(’ VAR: ');DOUBLEREAC(Sys.VARS{3,X]};
END;

write{' nocost : ');doubleread(sys.varstime[d,x]);
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write(' phase in: ");doubleread(sys.varstime[i,x]);
write(' constant: ');doudblereac(sys.varstime(s,x]};
write('phase oul: ');doudbleread(sys.varstime[d,x]});
END;
sys.vars[1,0):=countvar;
eng;

procedure savesys{sys:systemrec);
{* This procedure saves ar LCC system spec fication o disk *)
VAR CVER sCRAR;
tempaame  imcrrd;
TEm22 H L
sys‘:le :fle ¢f systemrec;
BzGIn
Sela1r3sa15C,13,78,22;;
write' ")
wrilel “:'e name? (',sysmame, ): ');readin{tempname);
IFOTEMPNAME o THEN
SySNAMZI:=TIMPNAMT;
erprame:=SyshamT;
EMP2::CONCAT (temprare, ' S )
FOEXIST2 terw?) Trt .
BEGIn

e £4'sts, Cverarite?: '3,
N

'

CVER: =" ¥

FOUPTASI VIR, = ¥ THgn
I3

ASSIGh{sysTile, TEmMDZ);
REWAITZ(sysFice);

WRITE (sysTi.e,Sys};
C.o5E{sys™ i el

EnC;

£

procec.re enlercer{var sys:Ssystemrec);

(* Thrs reacs 'n the Beta lov matrix, ard firds the chc eshy square rool.
(* Thrs 's ar or-ginal procec.te wriiten for cholesky decompdsition using
{* the metroc as expla‘ned 'n j.h. maindorald's STATISTICAL COMPUTATION
(* i1 alsc reads in a!l otrer information needec for the CER's of tne ([C
(* system to be simu ated *)

var
cer, 2,7, 4,y,1,% intege~;
tems?, temp, sum, sum?, sumd :doub’e;
terprare LwQTra;
i1 :Ti% of, sysiemrec;
irtercect,certype schar;
beg'n
seleinCow{53,15,78,22;;
wRITE In;

write('File name? (', sysname, ): ');readIn(tempname};
IF TEMPNAME <> "' THEN
SySNAME : s TEMPNAME ;
tempname: « Sy sNAME ;
assign(fi), tempname. ' stm');
if exist2(tempnames .stm’') then begin
reset(fil);
read(fil, sys);
close(*i1);
writeln;
write!lr{ -. file read -- ');
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end
else writeln(' -- nee file -- *);
writeln;
write('How many CERs : ');intread(x);
if x2C then begin

write('X set at upper Vimit of 20.°);

writeln;
x:=2C;
end;
sys.cervars s, 1,1 =xa;
writeln;
write{ wnict (IR : '), intreaalcer);

if cer>2C trmer beg'rn
write [ CER# set at upper limiv of 20.');
- 'E‘—:
cer.=2C;

eng;

wirdoe(.,1,85,25);¢ " scr;

setls'n0s-.3,2,78,22;;

write' = 'CIR [rformation CER{ ,cer, )

wr? ’\E‘ —: PR PO RTPRCEREFTIRCRTIRIAS O );

N
P

wrote'r)

wRITZ N
repe:

wr el hanoer of B s {max=9): ');intreac(r);

wite'n;
Wit nell;
weite'~? Time per-cc lengths ...');
wrte'r;
wr-lel nOCOSt . ¢ ');doublereac{sys.certime{d,cer])-
wroiel' prase in : );doudblereaa(sy .certime[l,cen});
=rile! constant : ');doubieread{sys.ce"time[2,cer]);
wo il pnase oul . ');coubleread({sys.certime{3,cer]});
cimsc;
write'”;
write’n{’ R) Reg.ar };

writeln N} Natutal 0§l
arite'n{ L) .ear~ing curve');
write'r;
repea:
wratel wrick type ¢ (ER 2 @ ') certype:-=readkey;
write'rice-lype;};
sys.Ce=typesicer):=upcase(ceriype);
unt- ' (sys.ce~types{cer]:= 'R’} or {sys.certypes{cer]:='N') or (sys.certypesicer]='L"};
write'”;
write( [s tmere an intercept term? : ');intercept:=readkey;
wrote' ")
if (imtercept:='y') or (intercept='Y’) then begin
wrotelr;
arite’~{'The entercept =i!1 be called f',ns+l,".");
write n{ 'Erter the ntercept value {f',nei,") :');doubleread{sys.cerbetas[cer,n+ij);
case cerype o°
'R :pegr
sys.cervaRsicer,ns1,1}:=0;
sys.cerVaRs{cer, ne1,2]:=1.0;
sys.cervARs{cer,nei,33:°1.5;
sys.CcervaRs[cer, n+i,4}:=1.C;
erg;
‘N’ :begin
sys.cervVaRs{cer,n+1,1]:=0;
Sys.cervaRs[cer,nel, 2} :=exp(l.0};
sys.CervaRs (cer,ne1,3]:=exp(1.0};
sys.CervaRs[cer,n+l,4):=1.0;
end;
‘L':begin
sys.cerVARs[cer,n+l,1):+0;
$ys.CervaRs({cer, nel,2):=exp(1.0);
sys.CervARs [cer,ne1,3):~exp(l.0);
sys.cerVARs[cer, n+1,4]:21.3;
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end;
end; (* end of case *)
end; (* end of if »)
clrscr;
writeln;
writelr( 'Explanatory Var:ables CER{ ',cer,')’);
.rite]n('u-t--::ta--,'antynnnaann");

write'n;

FOR X:= 1 T3 n D0 BEGIN
WRITE(X:2,' TYPE: '};DCUBLEREAD(sys.cerVARs[cer,X,1]);
wR,TE! LOw: ‘);D0UBLEREAC{sys.cervaRs{cer, X,2]};
WRITE (' Hl : ');D0UBLEREAC{sys.cerVARs{cer, X, 3]);
write] @ : ');doudieread{sys.cervars{cer,x,4]);

END;

wingow(1,1,8C,25);¢c)rscr;
setsingoe(3,2,78,22;;
write'n{ Beta est:mates CER{',cer,')');
w? te‘. r.( TRRMARPEARRR PP RPRPRRPPIPOPS ) ;
writeln;
For x:= 1 1o n do begi~

write!'Enter B',a,  :');doudbleread(sys.cerbetas[cer,x]);
erg;

e’
if (intercegt='y ) or {intercept=‘Y') then

nisral;

sys.cervars{cer, G, 1 :=m;
(* iniita’ize cov mal=ia *)
for x:1= 1 o n do
for y:= 1 ton do
sys.cercovsicer,x,yi:=0;
(* reag in the cov mat~ia in trianguiar form »}
writein{ 'Noe the Covariances ...');
i¥ (intercept="y') or {intercept='Y') tnen
write'n( Remember, the entercep: is called 8',m,"."');
write'n;
for «:= 1 to n do
for y:= 1 tc x d¢ segin
write{ covi',x,', .y, ] = ');acubleread(sys.cercovs[cer,y,x]};
end; .
writeln;
write{ Enter the MSE: ‘');doubleread(sys.cermse{cer]);
(* construct the cholesky sguare roct *)
for x:= 1 to n do begin
if x>1 then
for y:= 1 tc x-1 do
for 2:= x to n do
sys.cercovs{cer,x,z}:=sys.cercovs{cer,x,2]-sys.cercovs{cer,y,x]*sys.cercovs[cer,y,z];
temp:=sqri(abs{sys.cercovsicer,x,x]});
if abs{temp)<=0.CCl then temp:=1;
for y:= 1 to n do
sys.cerccvs[cer,x,y):=sys.cercovs{cer,x,y)/temp;
end;
end;

procedure multirandom;

var
counter,z,n,x,y,j,k rinteger;
temp2, temp, Sum, sum2, suml :double;
betas :doubvect;
tempname sworrd;
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(= type as speccifiec by "tipe” wich is passec in.

(* NOTE: hi and low contain the mean and var for norma! variables.

var type2,low2, hi2 : integer;
tempval : double;
begin

type2:=trunc{tipe};
case type? of

C:sampie:=1ow;

1:degin
terpval:=betava~{1.5,C.5;;
tempvali=tempval?{ni-10m) + 10m;
sample :=power{tempva’,transform);
eng;

2:begin
terpval:=betavar(1.35,1.3%);
tempval:=tempva ?{hi-lom) + low;
sample :=poser{tempva’,transform);
erc;

3:pegin |
tempval:=betavar{0.5,1.5};
tempva'l:i=tempval®*(hi-10m) + low;
sample :=power{tempva’, transform);
eng;

4:beg'r
tempva':=betavar{3d.C,1.C};
tempval:=tempva’*(hi-10e) + low;
savple :=po=e-{ierova’,transform);
eng;

5:beg'r
tempval:=betavar{2.75,2.75);
tempval:=tempval?{ki-10n) o 10w;
sampie :=power{lempval,transform);
end;

6:begir
tempva’:=betavar{i.C,3.C);
terpval:=tempvai*{ki-lom) + low;
samp'e :=power{iempva’,trarsform);
erd;

7:begin
tempval:=betavar{4.5,1.5);
tempval:=tempva *(ni-1om} + 10w;
sample :spower(tempva’,transform);
end;

B:begin
tempval:=betavar(4.0,4.0);
tempvaliatempval?(hi-loa) + 10w
sample :=powe~{iempval,transform};
end;

g:begin
tempval:sbetavar(l.5,4.5);
tempval:stempval?(ki-lom) + l0w;
sample :~power(tempval,transform);
end;

10:begin
tempval:=uniform{low,hi);
sample :=power{tempval,transfors);
end;
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11:begin
tempval:=normal {low, hi};
sample :=power(tempval,transform);
end;

end; (* of case statement *)
end;

procecure pva'(var amount:double;nocostt,phasein,cons,phaseout,rate:double);

(* This is the presert value routine for finding the present value

(* of a future cash stream. The amount of money, lenght of phasein,

(* phasecut, ard constant periods are passecd in.

var areap‘,areapc,areaco,totalarea : double;
lastcumares, height,value,nocost : double;
x,le,pri,po,co . integer;
portion : largevecs;

begin
writein{'amount=',amounrt};
write!n{'nogcosti="',nocosti);
writeln(’'phasein=',phase’n;};
writeln{ 'cons=",cons);
writeln{'phaseout:=",phasecut);
writeln(‘rate=', rate};
pause:sreadkey;

areap‘::0;
areapo:=C;
areaco:=0;

totalarea:=C;
phi:=trunc{pnasei=};
po:=trunc{phasecut;;
co:strunclconrs;;
nocost:=trunc{nocostt);
height:=1;
(* calculate the total area *)
if phizC ther
totalarea:=phiz0.5”height
else phi:=C;
if cox0 then
tota'area:=totalarea + corheigrt
else c0:=0;
if po-0 then
tetalare2:= totalarea + po*C.S5%height
else po:s=);
le:xphieco+po;
(* ca'culate the portions *;
if phiczC then begin
lastcumarea: =0;
for x:= 1 to phi do begin
portion{«]:={{x*height/phi)*x*0.5-1astcumarea)/totalarea;
lastcumarea:=portion{x]*totalarea;
end;
end;
if coe0 then
for x:= phi+1 to prisco do begin
portion(x]:«height/totalares;
end;
if pow>0 then begin
lastcumarea:=0;
for x:= le downto le-po+1 do begin
portion[x]:=((le-x+1)*(le-x+1)*1/p0o*0.5-1astcumarea; /totalarea;
lastcumarea:=portion[x]j*totalarea;
end;
end;
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(* claculate the overall pv number *)
value:=0;
for x:= 1 to le do
value:svalue + portion[x)”amount/power ((1+rate/100},x+NGCOST);
amount:svalue;
end;

procedure mortecarlc;
(* This actually runs the shom, it calls the routines to simulate the *)

(* system cost as mary times as requested. *)
var totalcost, tempeost, tempeost?, firstx : double;
run, nUmruns, counter, counter?, K, y, 2 . integer;
name . worrd;
fylername : filename;
sysfile : file of systemrec; (* tne system file store (o0 disk *)
SystJm T sysiemrec; (* record to hold cost compcnerts *)
betas : doubvect;
tempser H L H
tewpmat . tensg;
b} : pointer;
begin

marxk{c;,
(*ne~isysiam ;)
nes/tempset);
set»incow(3C,15,78,20);
writeir;
write{ Syster file? :‘);read'n{namej;
fylename:=concat{name, '.5im'};
if rot exist2{fylerame} then begin
writeln{ That file is ngt here ...');
pause::=readiey;
release(p;;
exit;
end;
writein;
write{ HOw many rurs? :');intread(numruns);
if mumruns>15CC ther heg'n
ngrrars:=31500;
writein{'Runs set at max of 15CC.');
end;
assigr{sysfile,fylename};
reset{sysfiie};
reac{sysfile,systum}; (® read the disk file into the sysiem recorc *)
for ryr:z 1 to numruns do begin
write('.");
totalcost:=0;

(* add variable costs to the total cost *)

counter:=trunc(systum.vars{1,0]): (* number of variabple components *)

for x:= 1 to counter do begin
tempcost:=sample(systum.vars{1l,x], systum.vars[2,x]}, systum.vars{3,x],1);

pval(tempcost, systum. varstime(4,«],systun.varstime(l,x], systum.varstime{2,x], Systum. varstime(3,x],systum. ra
te);
totalcost:=totalcost + tempcost;
end;

(* now add cers to the total cost *)

counter:=trunc(systum.cervars{0,1,1]); (* numper of CERs *)

for x:s 1 to counter do begin
counter?:=trunc(systum.cervars{«,0,1]}; (* number of input vars for this cer *)
betas({]:=counter?; (* a counter used in multinormal *)
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for y:= 1 to counter? do begin (* puts betas and cov in temp variables for use *)
betas{y]:esystum.cerbetas{a,y];
for 2:= 1 to counter? do
tempmat(y,z]:=systum.cercovs{s,y,2];
end;
multinormal (betas, tempmat);
tempcost2:=0;
for ¥:« 1 to counter? do begin

tempcost:=sample(systum.cesvars[~,y, 1], svstum.cervars[x,y,2],systum.cervars{x,y, 3], systun.cervars{x,y,4));
1f y=1 ther firstx:=tempcost; (* store for use in ¢ cers *)
if (systum.certypesix]}='L') or {systum.certypes{x])='N') then
tempecost:=Lr{tempcost);
tempcost2:=tempcost2+tempcost*betas{yl: (* running total within cer *)
end;
tempcosi2:=tempcost2+sample (11,0, systum.cermse(x],1.C); (* account for MSE variance of prediction®)
if (systum.certypes[x]='L') or (systum.certypes{xj='N') then
tempcost2:=exp(tempcost?);
if (systur.certypes{x]='L") then
tempcost2:=tempcost? * firstx;

pval{tempcost2,systum.certime[d,x], systum.certime[l,x],systum.certime{2,«],systum.certime{3,«],systum.rate)
'
totalcost:=totalcostetempcost?;
erg;

tempset”.datarun):=totalcost; (* store this observation of tota! cost *)
erd;
writeln;
writelr{'Enter name for outp.ti set : ');readin{tempset” name);
tempset”.size:=nJmruns;
save{tewpsel”);
release{p);
erg;

(ﬂ?",”""'?"’"'io'ﬂ,Q!?Q”Rt",”!’ttkt"!!'l*)

Iz »y
\ /

(* Everyt-ing from here down is menus. These are *)
(* the heart of the user interface. Wwhat you *)
(* see here are the mer. test entries and the *;
(» resJlting procecures calle¢ for each menu *)
(* choice. The actual scrolling of the cursor, *)
(* first letter selection, and popup windoes *)
(* are handled in the DAVEMENY urit. *)
(* *)

(”"9"?'t"ﬂ"””t,"!I'R’ﬂ"””,"”7"”"!!?)

~.

PRCCEOURE enterMENY;

var
GC,ge? :char;
wich, temp tinteger;
p :pointer;

TEMPNAME :WORRS;

BEGIN
mark(p);
new(sys);
sys~.vars(1,0]:40;
sys~.cervars{0,1,1]:=C;
(unnn*ozanwovrov’ty¢o,¢,v'»orv,,")
wich:«6;
meny” . left{wich]:=34;
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menu”.max{wick]:sd;

menu”.top{wich]:=10;

menu“.text[l,wich]):='vars (single)
menu~.text[2,wich]:='0efine CERs

menu*.text[3,wich):='Interest rate '
menu~.text[4,wich]:='Save file '
menu~.text[0,wich):="Backup '
menu®.text(menu”.max{wich}+l,wich]:=

(ﬂ".x:ﬂ?n”ﬂnq'!"aw”t’tl’ttr’.urtr’g)

go:=meru*.tex:[1,wich){1];

GC2:xmenu~.textll,wich){1];

temp:=1;

WHILE upcase{GC} <> 'B' DC BEGIN
windoe{1,1,8C,623);
menucoritrol {wich, go,go2, temp);
GC:=UPCASE (GC);
(,!il”t”*l"7’.'!”.??’!’_2'!!!,!”’)
CASE GC OF

Voo entvars{sys");
‘D' 1 entercer(sys®);
‘1" . enterrate(sys”);
'S’ i savesys{sys");
ENC; (* END OF CASE AND ELSE*)
(l””??!r!t!""’.!’rt!'!lt!’t,?!k”)
eng; {» whilE LOCP END *)
release{p);
END; (* PROCEDURE ENC <+

[ T A

OEFINE SYSTEM ';

PROCEDURE testiMing;

var
63, go2:cha~;
wich, temp:integer;
terpstring:stiringls;

begin
wich:=5;

(x#=ererrr CHANGE THESE PARAMETERS TC MAKE A NEW MENG SCREEN %#r2xerr»

menu”.lefi{micn}:=18;
meryT . topieich] :=6;
merL".max{mich}:=3;
meru”.text{l,wich)}:="Equal var,Ind’;
menu”.text(2,~ichji="Ing. only ;
meny”.text[3,wich}:="Samples paired’';
men.”.texi(C,wich]:="Backup '
menu”. text{men." . max{wich]+1,wich]ze’

Tests 'y

\
}

(Q’!"”"”"?”?’ﬂ”l""’"’ﬁ’”'ﬂ!!""'2""’!2’!!”??’22”!"*!,’?2)

go:=mer.-.text{l,wich}{i];

G02:=merL”.text[1,wich]}[1];

temp:=1;

WHILE upcase{GC) <> 'B' 00 BEGIN
window{1,3,83,25);
menucontrol (wich, go, go2, temp);
GO:«UPCASE({GD);

(ﬂkt"”’ﬂ.””"’,"”R'Q”""!")
CASE GO CF
‘E'itltest;
"T'rt2test;
'S'it3test;
'B'iexit;
end; (* of case *)

(”ﬂ'.'ﬂ"'!"""."”I’"P""""Q’Q,!"ﬂ"’!ﬂI”I’I”’ﬂ"'ﬂﬁ”"’?'!)

end; (* while *) .
end; (* procedure *)
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PROCEDURE workMENU;

var
6C,go2:char;
wich,temp:integer;
tempsiring:siringls;

begin
wich:=4;
(s#nursasx CHANGE THESE PARAMETERS TO MAKE A NEW MENU SCREEN rxezssxxr)
me=.".left{aicr]i=18;

menu”.top{wich] :=6;
menu”.max wichli=6;
men.”.text{l,»iCh]:="'Moments s
menu”.text(2,wich]:="Freq Histogram';
men. . text{3,»ich]}:="Time plot s
menu”.text (8, wich]:="Backup '3

men.”.text 4, mich]i="X vs ¥ Plot
menu®.text[3,wicn}:="Quantiles !
men.”.text{6,m~ich]:="Nonpar. Prob '
meru”.test{meny”.max{w~ich]«l,wichj:=' Statistics ';
(l?’"”"""t!”””””r”?!"t’!t’t!!x!’,”!”!l!t!tﬂ’t!!ﬁ!’?t't"””)
go:=menu”.texi[i,wich]j{1];
G02:=meru*.text {1, wich)[1];
terpi=l;
wHiLE upcase(G3) <> '8’ OC BEGIN
windo={i,1,8C,25};
merucontrel (=ich, Go,go2, temp);
63:=UPCASE (G2);
('t’n'r!'r,v’v”'9"'u”v2’k'vrr’r.¢)
CASE GC CF
‘M imomerts;
'F'ihistogram;
‘T'itimeplot;
'X':iplotit;
'Q':quanrti‘es;
'N':probability;
END;  (® ENC OF CASE *)
(’ﬁt!”’r’?”2,’!!2?”!””??”’?'?”!!2?’!!’!*'!**12*"..!!!%7,)
end; {* =hile *}
erd; (* procedure *)

R R

PROCEDURE fileMENY;

var
G, go02:char;
wich, temp:integer;
tempstring:stringls;

begin
wigh:=3;
(*#2*r»2err CHANGE THESE PARAMETERS TO MAKE A NEW MENU SCREEN x#Ze»rs»»)
menu”.left[wich]:=18;
menu“.top(wich] :=6;
menu”.max{wich]:e4;
menu”.text[1,wich):='Read ASCI! ;
menu”.text[2,wich]:="write ASCII ;
menu”.text{3,wich]:«'Set Directory ';
menu”,text[4,wich]:='0isk Directory’;
menu”.text{0,wich]:="'Backup "
menu”. text (menu®.max{wich]el, wich]:s' Files ‘s
("t"t!'n"tﬂﬂﬂﬁﬂui""!t'tﬁﬂlﬂ"ﬁlll'!ﬂ'!!Rﬁllntl.ﬁ!lﬂ*ﬂ!ﬂt!'l!tk!!’tt’)

go:=menu”.text[1,wich](1];
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602:=menu”.text[1,wicn]{1];

tempi=l;

WHILE upcase(GO) <> 'B' DO BEGIN
window(1,1,80,25);
menucontrol (wich, go, go2, temp);
60:~UPCASE (GD);

(ttt!ﬂﬂﬂﬂll!ﬁ!'lﬂ!ll!l!!*ﬂlt!"!R'!)
CASE GO OF
'S :SHOWDIR('®.set');
'R':READASCIT;
‘W' WRITASCIT;
‘C':directory;
ENC; (* END OF CASE *)
(l”’*!ﬁt!!,’!!Rt!"ﬂ’t!xlkt’nt!*”Q!lR”’ﬂ!ﬂﬂ?t!!!*!!?'!!t”l)
enq; {* enc of while *)
ENG; (* end of procedure *)

PRCCEDURE randommeny;
var
G0, gc2:char;
wich, temp:integer;
tempstring:stringls;

begin
wichi=T;
(wrxxxxrrs CHANGE THESE PARAMETERS TO MAKE A NEW MENyU SCREEN Z2rroxsxss)
menu” . left{wich]:=18;
menu” . topimich] :=6;
meru” .max{wich]:=5;
menu”.text[],~ich):="Uriform Random';
menu”.teat{2,=ich):="Norma’ random ';
meru”.text{J,wich]:="Generate betas';
meru” . text (4, «icn]i="Multi-normal ';
menu”.text(5,«ich]:="'Simulate costs';
menu®.text (2, ~ich]:="Backup !
meru”. text {menus.max{wich]s1,wich]:=

.
.
i

Files i

(!"”’Qﬂ’,,”k’!R!2R’Q’ﬂﬂﬁl!ﬂﬁ!!!2Rﬂ!’*!’ktl!!"ﬂl’ﬁ!lﬂ!ﬂkt!'*"!**!*!*!)

go:=men.”.text[1,~ich]{1];

GC2:=meru~.text{l,wich][1];

temp:=1;

WHILE upcase(GC) < 'B' OC BEGIN
windo=(1,1,8C,25};
menucontrol (=ich, go, go2, temp);
GJ:=UPCASE(GO);

(’??!’!""",,!"Qt"!ﬂ,’ﬂﬂ!!ﬂﬁﬁ?l)
CASE GO OF
'S':montecario;
'U' tuRANCOM;
'N':nrandom;
'G':lotsofbetas;
‘M imy’ tirandom;
END; (* END OF CASE *)
(Q"!’!!!"'tli!ll"!i'!'!!’l”!t?t’!I"t,l’t!,”"’,ﬁ!’l!’,”)
end; (* end of while *)
END; (* end of procedure *)

PROCEDURE dataMENU;
var
60, go2:char;
with, temp: integer;
begin
wich:«2;
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(xxnxaraxx CHANGE THESE PARAMETERS TO MAKE A NEW MENU SCREEN xxwmxsxxss)
menu”.left[wich]:=18;
menu”.top[wich] :=6;

menu”.max[wich):=6;

menu”.text{l,wich}:='Enter 5
menu”.text(2,wich]:='Vie~ i
menu”.text[3,wich]:="Modify s

menu”.text (4, wich]:='Combine ';
menu”.text{5,wich):="'Average i
meny“.text{§,mick]:="Define system ';

menu”.text {0, wich]:="Backup s
meny”.text{menu”.max[=ich]+1l,wich]:=" Jata 3

(?"t""’t'"Rﬂﬂtlt,l??"'*!tk?!"t!”’!2’!’!”!’)!?’lggzz’zgtutt2'22:1,)
go:=menu~.text{l,wichi{1];
602:=-meny”, text[1,~ich]{1]);
temp:=1;
iLE upcase(GC) <= 'B' DO BEGIN
windoe{1,1,80,25};
merucontrel {=ich, go,go2.temp;;
60:=UPCASE(GD);
(ﬂkr?’i”””"'?'?"’!!"27’2’?”7}
CASE GG OF

"B :REEDKEY;

'V'isee;

‘m'ichange;

'C':combire;

'A'iaverage;

‘D' entermery;
eng; (* erc of case *)

(?2?’”"”?0”’??,*"72'!’Q"!?"?2!!’7!”’?”’!'!?!)n’*!’x")
eng;
erd;

PRCCEQURE NEWSEES;

beg' ™

seleinGce{18,8,43,11);

writeln;

write( Nee seel: '};intread{seec);
if seed>C then seed:=seec” -1;
enc;

PROCECURE mainMENY;
var
GC,gc2:char;
wich,temp:integer;
begin
(t”'ﬂ”ﬁ!ﬂt!’,,,t’tlﬂ’?""!',’?”?)
wich:z1;
menu-.lefi{a‘ch]:x];
menu”.max(~ich]:=6;
meru”.top[wich]:=3;
menu”.text[1l,wich]:="Data
menu”.text{2,wich]:="Statistics

menu”.text{3,wich]:='T-testing 'y
meny”.text[4,wich]:="Files s
menu”.text{5,wich]:='Random deviates';
menu”.text{6,wich]:='New seed :
menu”.text[0,wich]:="Quit i

meny”.text [menu.max{wich]+l,wich]:="  MAIN MENG '3
(l!.'ﬂ'..’ﬂ’.’ﬂ..”’RQ’!’!"’!!"’Q")

go:smenu=. text(1,wich]{1];

GD2:=menu~.text[1,wich]{1);

temp:=1;

WHILE upcase(GO) <> 'Q' D0 BEGIN
window(1,1,80,25);
menucontro) (wich,go,go2, temp);
GO:=UPCASE (GC);

(,""!”"!..”*"QP'!Q!”"’!'!")
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CASE 60 OF
'0' : DATAMENU;
'S' : WORKMENU;
'T' ¢ TESTMENU;
'F’ 2 filemenu;
'N' : NEWSEED;
‘R’ : randommenu;

END; (* END OF CASE ANC ELSE*)
(*!ﬂ!llx!!!lﬂ'*ﬂ*ﬂl!’.tﬁ'!*'!"ﬂl'!!ﬂ)
end; (* wHILE LOOP ENC *)
END;  (* PROCEDURE END *)

procedure open;
type fyl= file;

var p :pointer;

X tinteger;
val sreal;
textfil :text;
il :fyl;
res.it,size iword;

beg:n

graphix;

setcolor(white);
tine{53,105,21C,100);
1ine(5C,108,5C,20);
setcolo~{rec);
1ine(51,6C,210,60);
for x:=1 to 62 do begin
val:i=sin(x/10)/1.5;
putpixel (51+x,trunc{60-val*50),yellow);
end;
for x:=63 tc 160 do begin
val:=sin(x/10)/4;
putpixel(51ex, trunc(6C-val*SC),yellow);
eng;
setcolor(~hite);
1ine {390,108, 55C,10C);
1ine(393,108,39C,20);
bar3d(39:,100-40,421,99,8,true);
bar3d{223,100-6C,453,99,8, true);
bar3d{455,100-50,485,98,8,true);
bar3d{487,100-35,517,99,8, true);
bar3d(519,100-15,549,99,8,true);
settextstyle(1,0,5);
CUTTextxy (60,203, 'GENERIC MODEL BUILDER');
settextstyle(1,0,1);
outtextxy {280,243, ‘'by 1Lt Oavid Sumer’);
setcolor{white);
pause:=readkey;
restorecrimode;
end;

{* MAIN PROGRAM?)

BEGIN
open;
seed:=-12345;
SETNAME : = 'NEW';
sysname:='NEW';
coloroncolor (white,blue);

write(’ GENERIC MODEL -BUILDER  -- by Dave Sumner N
gotoxy(1,25);write(’
coloraoncolor(white,black);
mainMENU;
END.
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{$R-} {Range checking of¥

{$8+} {Boolean comg'ete evaluation on}

{8S+} {Stack checking on}

{$1+} {1/0 checking on}

{$N+} {B0B7 required}

{$™ 6550C,16384,655360} {Turbo 3 default stack and heap}

PROGRAM MATWORKS;
Uses
Cre,
Dos,
PRINTER,
davemer.; o

TVYPE
FILENAME = STRING{12];
TENBYTEN = ARRAY [1..8C,1..8C] OF double;
doub’eARR = ARRAY [1..8C) COF doub'e;
INTARR = ARRAY [1..8C] OF INTEGER;
WORRC = STRING(B);
INFOPTR = “INFC;
INFO = RECORC
MATRIX  : TENBYTEN;
ROWSIZE : INTEGER;
COLSIZE @ INTEGER;

NAME : WCRRC;
ENC;
VAR
MATA,PATS DINFOper;
pause :char;
ASDOSuB : INTEGER;
i :FILE OF INFQ;

MATIAME :WORRG;
TINY :double;
X, ¥, 7 ’ S INTEGER;
tex:ifile stext;

furciion power {rumber,exponent:double):double;
labe! 1iJ;
begir
if eupormert=C ther beg:n
power:=1;
gotc 1J;end;
if numper=C then begin
power:=J;
gcio 10;enc;
if number > 0.0 then
power := exp{expenert”in(number))
else begin
writelr{number, ' nurber must be positive for power function');
pause:sreadxey;
end;
10:eng;

PROCEDURE Tudcmp(VAR a:INFOptr; n, np: integer;
VAR indx: INTARR; VAR d: double);
CONST
tiny«1.0e-20;
VAR
k,j,imax,i: integer;
sum, dum, big: double;
vv: doubleARR;
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BEGIN
d:=1.0;
FOR i := 1 to n DO BEGIN
big := 0.0;
FOR j := 1 to n DG IF (abs{a*.mMATRIX[i,j]) > big) THEN big := abs(a”.MATRIX(i,j]);
IF (big = 0.0) THEN BESIN
writeln('pause in LUDCMP - singular matrix'); readin
END;
vw{i] := 1.0/big
ENC;
FOR j := 1 to n OC BEGIN
IF (j > 1) THEN BEGIN
FOR i := 1 to j-1 00 BEGIN
sam 1= 3”7 MATRIX[Y,j);
IF {1 > 1) THEN BEGIN
FOR k := 1 to i-1 DO BEGIN
Sum = sum-a°.MATRIX{i,k]*a".MATRIX[K,]]

ENC;
a* . MATRIX[%,j] == sum
ENC
ENC
ENC;
big := C.0;
FQR ¥ := ] to n OC BEGIN

sum 1= a” . MATRIX(i,j);
IF (j > 1) THEN BEGIN
SRk := 1 to j-1 00 BEGIN
SUm 1= sum-a~.MATRIX[i,k]*a* . MATRIX[K,j]

END;
a”.MATRIX[i,]] = sum
ENC;

dum 1= vv[i]*abs{sum};
IF (dum > big) THEN BEGIN
big := dum;
imax :e 3§
ENC
ENC;
IF (j <> imax) THEN BEGIN
FOR &k := 1 to n OO BEGIN
dum = 3a~.MATRIX{imax, k];
a* . MATRIX[imax,k] := a”.MATRIX[], k];
3~ . MATRIX[]j. k] := dum

ENC;

¢ := -d;

vv[imax] = ww(j]
END;

ind«{j] := imax;
If (j <> n) THEN BEGIN
IF (a~.mATRIX[j,j] = 0.0) THEN a=.MATRIX[j,j] := tiny;
dum := 1.0/a".MATRIX[],J);
FOR i := j+1 to n 30 BEGIN
a*.MATRIX(:,j) := a"~.mATRIX{i,j]*dum
END
ENC
ENC;
IF (a~.MATRIX[n,n] = 0.0) THEN a".MATRIX[n,n] := tiny
END;

FUNCTION EXIST(temp:WORRC) : BOCLEAN;
VAR FIL:FILE;
DK :800LEAN;
TEMPP:FILENANME;
G0:CHAR;
BEGIN
TEMPP: sCONCAT(TEMP, ' MAT');
ASSIGN(Ti1, TEMPP);
{$1-}
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RESET(FIL);
{$1+}
OK:=IORESULT = O;
If KOT 0K THEN
EXIST := FALSE
ELSE
BEGIN
CLOSE(FIL);
EXIST:=TRuE;
EN;
ENC;

FUNCTION EXiST2{zerm:WCRRC; : BCTLcAN;
VAR FIL:FILE;

OK :BOCLEAN;

TEMPP T JLENAME

GC:lnAR
BEGIN
TemP2::=TEmp;
ASSIGN{F: Y, TEMPE;
{$1-} ‘
RESET(FiL)s
{$1+}
CK:=10RES..T = C;
IF KC7 Ch TmE™
EXIST2 := FALSE
ELSE
Bz3in
CLSSE T icys
EXIST2:=TRJE;
END;
ENC;

PROZEDURE SAWE (MATG:INFOPLr; AUTOI INTEGER):
VAR OVER:IHAR;
TE®PIFILENAMT,
BEGIN

over::='y’;

IF ALTT=0 THEN

gEGIN

IF EXIST{MATG . NAME) THEN
BzGIN

writelr:WRITE(FILE EXISTS, PVERWRITE?: ');
OVER: sREACKE7; writein;writein;

ENC;

ENG;

IF UPZASZ (OVER} = ‘v THEN

BEGIN
TEMP: =CONCAT (MATGT . NAME, "L MAT ),
ASSIGN(FiL, TEMP;;
REWRITE(FIL);
WRITE(FIL,MATG™),
CLOSc (FiL);

END;

END;

PROCEDURE READASCII;

VAR
X, v,1 < INTEGER;
FIL stext;
60, NAME :WORRC;
mat sinfoptr;
p spointer;
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BEGIN
maﬂi(p);
new(mat);
setwindow(35,1C,75,18};
writeln; WRITE('what ASCi] file?');
READLN(NAME);
writeln;
IF NOT EXIST2{NAME) THEN
BEGIN
WRITEIn('FILE COES NOT EXIST );
PAUSE : =REACKEY;
release(p);
EXIT;
ENS
ELSE BEGIN
ASSIGN{F I, NAME ],
RESET{FIL),
MATA® ROWSIZZ :=
wHiLt NOT ECF{FIL
BEG N
MATS ROWSIZ. := MAT"_ROWSIZE+L;
MAT".COLSIZE:=D;
WHi E NCT EOLN{FIL) OC
BeSIN
MATS.CCLS12% 1= MATSLCOLSIZESL;
REAC(FIL,mas~.MATRIX[mat" . RCWSIZE,mat”~.COLSIZE]);
ENSS
READ.N(TIC)S
ERC;
CLOSE(F i),
write m;WRITI! 'Name for the MATRIX file?');READLN{mat”.NAM
SAVE (®AT, T30

fok3
M
)

00

m
~e

ERC;
re.easels,;

EV-:,'

PRCCEOUAE REASIN{VAR MAT:IINFODLr):
VAR GC:ClRAR;
TEPDIF I ENANE;
BESIN
if exist{matT.RAN
ther
beg‘r
TEMD:=CONCAT{mas ™ . NAME, ".MAT');
assign{fil, TEm?);
RESETFIL):
REAC(FIL,mat™);
CLOSE(FIc),
erc
else
BES:N
GOTOXY{iT,19;;
write( Sor-y, that file is not here ...'};
GC: =REATKIY;
END;
ENT;

FUNCTION LOG(X:double;BASE:double):double;
BEGIN
IF (X<C)OR(BASE<2) THEN BEGIN
WRTE( SORAY, NO NEGATIVE X OR BASE < 2°);
L0G:-
ENC
ELSE LOG:=LN(X)/LN{BASE,;;
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ENC;

PRCCEQBURE WRITASCII;

VAR
tempname :filename;
max :double;
DIG,DEC,X,V,7 :INTEGLR;
w stext;
GC, NAPZ tWCRRCZ;
mata sinfopir;
D : peinter;
BEGIN

mara(l);

new(mataj,

setwirco=(35,10,75,18);

WRITEL W=ilH MATRIN: ");READUN{mMata”.NAMZ);

TF N EXIST{mata”.NAMD) THEW BEGIN
writeln,;wRITe('"1_E OUES NOT EXIST');
PAUST : =REAZKEY;
release(p;;

EXIT;

ENC;

REASIN(MATA};

write{ Nee Gata f1le name? : ');readIn(tempname);

ASSIGN(FIL, tempname;;

REWRITE(FI.);

(*max:=C;

for x:= 1 to mata”.rowsize do
for y:= 1 to mata~.colsize do

if abs{mata®.mat=ix{x,y]})>max then max:=mata”.matrix{x,y];
gigzatrunc{'0g{maa,i0;)-2;

dec:=10-¢2g;”)

dec:=C;

gig:=3;

FOR X:= 1 70 mata”.ROWSI{ZE 0C BEGIN
FOR ¥:= 1 TQ mata~.CO.SiZE CC

WRITE{Fii,mata" .MATRIX{X,¥j:01G:0EC);

WRITELNIFIL);

ENC;

CLOSE{FiLy;

releasels);

ENC;

procedure onemat{var mata:infoptrj;

begir

writeln;

write{ 'Which matrix?: ');readin{mata".name);
write'r;

end;

PROCECURE VIEW{MAT: INFQOptr;AUTO: INTEGER);
VAR X, ¥ S INTEGER;
saiv :char;
BEGIN
window(1,1,80,25);
CLRSCR;
FOR X := 1 TO mat~,ROWS;Z2¢ 0C
BEGIN
FOR v:« 1 TO mat~.COLSIZ2E CO
WRITE (mat~.MATRIX[X,¥]}:B:4,"' ');
WRITELN;
END;
PAUSE : =READKE Y,
IF AUTC = O THEN BEGIN
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writeln{'Do you want to save ',mat-.name,'? (Y/N)');
SAIV:=READKEY;
if upcase(saiv)='Y' then

save(mat,0);

ENC;
END;

PROCEDURE REEDKEY;

(* reac a matrix in from the keyboard*)

VAR
X,Y,FYLE : INTEGER;
CVER s CHAR;
mat cinfoptr;
p :pointer;
BeGIN
mark{z};

new{mat;;
sete"ndo~(35,1C,75,18;;
mat®.name:='n.1"';
mat~.colsize:=1;
mat .romsizec=i;
WRITE{'Name for matrix2: ');
REACLN{mat~.NAME;;
IF EXIST{mat” . NAME) THEN
BEGIN
WRITELN;WRITE{'FILE EXISTS, OVERWRITE? (VY/N): ');
CVER := READKLY;
write'n;
END
ELSE
CVER:="V";
IF UPCASE{CVER)='VY" THEN
BEGIN
WRITELN;WRITE('HOw many rows?: ');
REAC.N{mat" . ROWSIZE);
WRITELN; WRITE('How many cos?: '};
REACLN{mat . CCLSIZE);
FOR % := 1 TO mat~.ROwWSIZE CC
FCR Y := 1 TO mat~.COLSIZE CC
BEGIN
WRITELN;WRITE{'Enter ELEMENT [',X,',",¥," ) ');
REACLN{mat".MATRIX[X,Y]);
END;
ENG;
SAVE (®AT,C);
release(p;;

ENC;

PROCEDURE CHANGE;
VAR

p
BEGIN

X, Y : INTEGER;
SAIV,chanj :(CHAR;

maa sinfoptr;
:pointer;

mark(p);

new(mata);

setwindow(35,10,75,18);

onemat(mata);

READIN(MATA);

15 not EXIST(MATA® .NAME) THEN begin
release(p);
exit;

END;
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CHAND:='Y";
WHILE CHANJ='V' OC

BEGIN
writeln;
WRITE('Change something? ');
chanj:«READKEY;
17 upcas>/shaniY='v' THEN
BEGIN

writeln;WRITE( 'Change which element?(row):');
REACLN{X};
writeln;WR]TE ('Change which element?{col}):");
REASLNIY);
write'n:WRITE{'OLD VALUE=",MATa" MATRIX[X,Y], ' NEw='};
READULN{MATA" MATRIX[X, Y}
writeln;
viem{matia, ()}
ENG;
ENC;
release(p);
END;

PROCEDURE ACOMAT (var MATA,MATB:INFOptr;ADDSUB: INTEGER);
VAR X, ¥ T INTCGER;
SAIV,PAUSE : CHAR;

BEGIN
IF (MATA®.ROWSI2Z = MATB".ROWSIZE) AKC (MATA®.COLSIZE = MATB".COLSIZE) THEN
BEGIN .
WRITE{ Name the resJult: '};
REACUN{MATD® UNAME);
FCR % := 1 7O mMATA®.ROWSIZE OO
FOR Y 1= 1 TC MATAT.COLSIZE OO
MATS . PATRIX[X,¥] := MATA®.MATRIX[X,Y¥] + MATB".MATRIX[X,V]*ADOSUB;
VIEW{MATS,C);
£LSe
BEGIN
WRITE{'mMatices are not same size ...');
PALSE 1 =READKEY;
ENG;
ENC;

PROCECURE MULT {MAT1,MAT2: INFOptr; VAR result:INFOptr;AUTO: INTEGER);
VAR X,V,2 T INTEGER;
Sum :double;
matl :info;
BEGIN
IF {MAT2* ROWSIZE=MAT1~.COLSIZE) THEN
BEGIN
1F AUTO = 0 THEN
BEGIN
60TOXY(30,6); WRITE('MULTIPLY ')
GOTOXY(15,19); WRITE(' BH
GOTOXY(15,19); WRITE('Wrat do you want to call the result?:');
READLN(MATI.NAME ) ;
END;
MAT3.ROWSIZE:=MAT1" ROWSIZE;
MATI.COLSIZE:=MAT2".COLSIZE;
FOR X :» 1 TO MAT1~.ROWSIZE DC
FOR Vv := 1 TQ maT2-.COLSIZE 00
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BEGIN
SuM:=0;
FOR Z := 1 T0O MAT1".COLSIZE OC
SUM 1= SUM + MAT1-.MATRIX[X,Z)*MAT2".MATRIX[Z,V];
MAT3. MATRIX[X, Y] :eSUM;
END;
IF AUTO = O THEN begin
result :=mat3;
ViEw(resuit,0);
save{result,C);
end;
resultti=matl;
ENC
ELSE
BEGIN
WRITELN;
WRITELN' ‘,MATI®.NAME,' X ',MAT2".NAME,' UNDEFINED OUE TO SIZES.');
PAUSE; =READKEY;
END;
END;

PROCEDURE CSPY2 (VAR SOURCE: INFOpir); (* ADC A COL GOF 1'S TQ LEFT OF MATRIX TQ GET INTERTEPT )
VAR X,Y,tempsize : INTEGER;
BEGIN
source .cclsize := source”.colsize + 1;
for x:= source”.cclsize dowmto 2 €6
for y:= 1 to source”.rowsize do
source.matrix(y,«x):=source”.matrixly,x-13;
for x:= 1 to source“.rowsize do
source*.matriaf«,1]:=1;

END;
PRCCESURE COPYV3I({VAR SQURCE:INFCptr); (*build x matrix for poly fitting *}
VAR X,V,7 1 INTEGER;
BEGIN
repeat

write('To what order?: '};READLN(Z);
IF 7 > SCURTE~.ROWSIZE THEN
WRITEIn{'Too few observ''s. Max order = ',SOURCE".ROWSIZE-2);
until z<source”.rowsize;
for x:= 1 to source“.rowsize do
source~.matrix(x,2]:=source”.matrix{x,1];
for x:= 1 to source”.rowsize do
source~.matrix(x,1]:=1;
for y:= 3 to z do
for x:= 1 to source”.rowsize do
source~.matrix{x,y]:=power(source”.matrix(x,2},y-1);
end;

PROCEDURE TRANSPOMAT (var MAT1:INTOptr;auto:integer);
VAR X,V : INTEGER;
SAIV :CHAR;
tempval :double;
BEGIN
1F AUTO = Q THEN
«  BEGIN
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write('name the result :');READUN(MATI®.NAME);
END;
FOR X:= 2 TO MAT1-.ROWSIZf DC
FOR ¥:« 1 TO x-1 DO beg'n
tempval:ematl-.mairix{x,y);
MAT1~.MATRIX{x,y) := MATi".MATRIX[y,X];
matl*.matrix[y,x]:=tempval;
end;
x:=matli®.rowsize;
matl-.rowsize:=matl®.co'size;
matl®.colsize:=x;
1IF AUT0 = O THEN begin
VIEW{™ATL,C);
save(mati,C);
end;
END;

PROCISURE MANIPMAT (VAR MATA: (NFOptr);

VAR X, ¥:INTEGER;
saiv,CHOITE ¢ CHAR;
KCNSTANT:doube;

BEGIN
write!n!'nName the resuit?:'};READULN({MATA" . NAML);
write’n{'Hoe will yo. change the matrix?'};

writeln(’ 17 square the elements’);

writeln{’ 2) sgaure roct of the elements');
writein{’ 37 add a comstant to the elements’);
write'r{’ 4y mJltiply by a constant');
writelnf’ 5, ¢divide by a constant’j;

write's;

CHOICE:=REACKEY;
CASE CHOilt CF

4

"1'; FOR X := 1 7O matat.RCWSiZE DO
FOR v := 3 7O mata~.COLSIZE OC
mata® . MATRIX[X,¥]:= SQR(mata”.MATRIX{X,Y]};
'2': FOR X := 1 TG mata”.ROWSIZE CO
FOR v := 1 TC mata*.COLSIZE GO
mata~. MATRIX[X,¥] := SQRT{mata".MATRIX[X,V]);
'3 BEGIN
WRITELN;

write{ Enter your tonstant: ');REACLN(konstani);
FOR X := 1 T0 mata~.ROWSIZE 00
FOR ¥ :=x 1 T0 mata”.COLSIZE CO
mata®.MATRIX[X,¥] := mata~.MATRIX[X,¥] + konstari;
end;
"4 BEGIN
WRITELN;
write{ Enter your constart: ');REACLN(konstant);
FCR X := 1 TO mata~.ROWSIZE OO
FOR ¥ :x 1 TO mata~.COLSIZE DO
mata®.MATRIX[X, V] := mata”.mMATRIX[X,Y] * konstant;
end;
'S': BEGIN
WRITELN;
write('Enter your corstant: ');REAOLN{konstant);
FOR X == 1 TO mata".ROWSIZE 00
FOR ¥ :« 1 TC mata~.COLSIZE 0O
mata” MATRIX{X,v] := mata".MATRIX{X,V] / konstart;
end;
END;
view(mata,0);
END;
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PROCEDURE TWOMATS(VAR MATA, MATS: INFOptr);
BEGIN
writeln;
WRITE('FIRST MAT:');
READUN(MATA. NAME);
READIN(®ATA);
if not exist(mata“.name; ther exit;
writeln;
WRITE{'SECOND: ' );
REACUN{MATB® .NAME ) ;
REACIN(MATE);
ENG;

procedure logit(var mata:infoptr);
var X,y ctinteger;
begin
for x:= 1 to mata“.rowsize do
for y:= 1 to mata~.co’size do
mata®.matrix{x,y}:=In{mata”.matrix(x,y]);
end;

PROCEDURL Tubksb(a: infoptr; n,np: integer; indx: intarr; VAR b:doublearr);
(~ Programs using LUBKSB must define the types
TvPL
g'rarray = ARRAYV [1..n] OF real;
g'intx = ARRAY [i..r] 07 integer;
G'npoynp = ARRAY [i..np,l..np} OF real;
in the mai= routine %)
VAR
Jj,ip, 38,1 integer;
syt real;
BEG'N
i or= G;
FCR i := 1 to n DC BEGIN
ip 1= indx[i];
sam = b{ip);
Blip) = BI3);
IF {ii <> G} THEN BEGIN
FDOR j := ii to i-1 DO BEGIN
sun ;= sum-a~.matrix(i,j}*bij]

END

ENC ELSE IF (sum <> 0.0) THEN BEGIN
i1 o=

END;

b{i] := sum

ENC;
FCR i := n DOWNTO 1 OC BEGIN
sum 1= b{i];
IF {i < n) THEN BEGS
FOR j := i+1 to n 00 BEGIN
sum := sum-a~.matrix{i,j)*bj]

END
ENC;
b{i] :- sum/a-.matrix[i,i]
END
END;

procedure inv(mata:infoptr);
{* takes a matrix inverse, see Press, et al,p.38 *)
var colvect s doublearr;

indx : intarr;
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0 : double;
N, NP, x,y,2,§ ¢ integer;

tempmat : infg;
begin
N:= mata~.rowsize;
NP:=30;

for x := 1 to N do begin
for y:= 1 to N do
tempmat.matrix{x,y]:=C;
tempmat.matrix{x,x]:=1;
end;
ludcmp{mata,N,NP, indx,C};
for j:= 1 to N do begin
for y:= 1 to np do colvect{y]:=tempmat.matrix[y,jl;
Jubksh/mata,N, NP, indx, cotvect);
for y:= 1 to np do tempmat.matrix(y,jj:=colvect[y];
end;
for x:= 1 to N GO
for y:= 1 t¢c N do
mata~.matrixi{x, y):=tempmat.matrixfx,yj;
end;

PRECIDURL DETERMAT{MATG:INFOptr;auto:integer);

VAS X : INTEGER;
c cdoud’e;
INCX s INTARR;
good :boelear;
main sinfopir;
e} :pointer;

BEGIN

mark{p);
nes{math};

LUSCMP (MATG, MATG" . ROWS I ZE, MA
FCR X := 1 TC MATG".ROWSIZE
D:=0*™ATG" MATRIX(X, X];

if autc=1 then begin
write'n;
writeln{ Determinant = ',d:11:4);
PAUSE : =sREADKEY;

end;

release(n;.

“.ROWSIZE, INGX,C);

TG
by

~

ENu;

procedure direct;

var tempspec:”ilename;

begin

seteindow(35,1C,75,18);

write('Enter the Filespec : ');readin{tempspec);
window(1,1,80,25};

showdi{tempspec);

erd;

PROCEOURE rsm(linsys:integer);
VAR SSR,SST,nybarsq, vary,meany, sumy, SUMYSQ, RSQ, d, sse, ssy sdouble;

togs ichar;

good :boolean;
nk,X,VY : INTEGER;
MATC,MATD s INFOPTR;
yresid,pred :doublearr;
xname, yname sworrd;
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menu :chaR;
p :pointer;
BEGIN
mark{p);
setwindow(13,7,5C,16);
NEW(MATC) ; NEW{MATD;;
(* read in and work or the x mairix *)
writeln('X matrix ...');
CNEMAT(MATA);
REACIN{MATA);
IF NCT EXIST(MATA®.NAME} THEN Dbegin
release(p};
£ExX: T,
erd;
if {mata".rowsize<=mata“.colsize) then begin
write'={'Too fe~ ObServations ...');
pause:=readxey;
release(yp;;
esitt
erg;
n:=mata”.roesize;
write{ Natural logarithms of X? : ');
LGS =RZACKEY;
write'n;
if {logs='y') or {logs='¥") then
logit{maia);
coPY2{*ATa); (* add constant columm of omes *)
k:=mata“.cc'size;
viees{mata,l);
maisti=rmala”;
matdti=mala”;

TRANSPOMAT{MATSE, 1) (* math returns xt *)
PULT{MATE, ATA, MATE, 1), {* mata~ returns xix *)
[RVimATa); {* mata returns atx inv *)

{(* ng= reag in arC w=0r< On the y matrix *)
writeln;
writelr 'Y mattix ...
ONEMAT (AT
REASIN{MATLS,
1F NOT EXIST{MATC .NAME) THEN begin
release(d};
EXIT;
end;
yriame:=mail”.name;
write( 'Katura) logaritmms of Y2 @ ');LO0GS:=READKEY;
-"i‘\e.‘r’:
if (Yogs='y') or (logs='Y') then logit(matc};
for £:= 1 t0 maict.rowsize do
yresid{x]:=matc”.matrix{x,1];
MU T{MATE, MATT, MATD, 1); (* matd” returns xty *)
MU T(MATA, MATD,MATC,1}; (* matc returns estimated f's 7)
view{matc,C);
(* find mear ard sum ¢f sq of y *)
sumy:=C;
sanysq:=C;
for x:= 1 to n do begin
SuMy:= SuMyeyresidi«];
SUMysSG: =SuUMysg+sqr(yresidi«]);
end;
meany:= (sumy/n);

(* calclulate the yhat vector *)
(* nate: here resid™ holds the x matrix *)
mult(matd, matc,matd, 1); (* matd” redurns yhat *)
view(matd,D);
for x:= 1 to n do
pred{«):ematd”.matrix{x,1];
(* calculate the residual vector *)
for x:= 1 to matd®.rowsize do
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yresid{x]:=yresic[x}-prec{x];
(* calculate nxsqr(y mear) *)
nybarsq:=matd".rowsize*sqr(meany;;
(» calculate the sum of residuals sguared *)
sse:=0;
for x:= 1 to n do

sse:=sse + sgriyresid{x]});
transpomat(matc,1); (* transpose the beta hat vector *)
mult{maic,math,matb,1); (* matb returns b'x'y *)
SSR:=matdb~.matrix[1,1]-nybarsq:
SST:=sumysG-nybarsg;
writein{'f covariance matrix ...');
for x:= 1 to mata™.romsize do

for y:= 1 to mata“.colsize do

mata“.mairix[x,y]:=mata“.matrix{x,y}*(sse/(n-K));

wingo~{i,1,8C,25);¢cirser;

writein{’ Estimator Estimate St¢ Error T value');
W e T ( e — |
writein;
for «:= 1 to matc~.colsize do begin
writein{’ p,x-1," f,matc”.matrix(i,x]:11:5," t,sqri{mata”.matrixix,x]):11:5,
' c,matct.matrix{l,x)/sqrt(mata”.matrix{x,x]):11:5);
eng;
write'=;
write'n{ N = ',rn);
writeln('R? = ',SSR/SST:B:I5);
writeln( MSP = ',sse/{n-k}});
writeln;
writelin(’ P} Predictions and residuals');
write'n(’ 8) Beta covariance matrix ');
writeln{’ M3 Menu '3

meru;: =readxey;

if upcase{meru}:='?' then begin
clrscr;
writeln{ Predictions Residuals');
W e N e —— )

writelr{prad{x]:11:5," C,yresic{x]:11:8)
PAUSE: =REASKEY;
erc ’
else if upcase{meny)='8" ther begin
for x:= 1 tc mata“.rowsize do begin
writeln;
for y:= 1 to mata“.colsize do
write{mata“.matria{x,yJ:11:5);
erd;
pause:=reacxey;
eng;
release(p;;
eng;

~e

PROCEQURE xtramsform(linsys:integer);

VAR SSR,SST,nybarsg,vary,meany :doub’e;
sumy, SUMYSQ,RSQ, d, sse,ssy,old :doub’e;
Togs tchar;
good :hoclean;
pass,n, k, numx, X, ¥ s INTEGER;
MATC, MATD 1 INFOPTR;
yresid,pred, yvect :doublearr;
xrame, yname sworrd;
menu :chaR;

p :pointer;
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alphasig :boolean;
alpha :doubiearr;
BESI
mark(p);
pass:=1;

setwindow(19,7,50,16);

NEW(MATC); NEW(MATD);

(» read in ang work on the x Mat=ix *)

writeln{'X matriax ...');

ONEMAT (MATAY;

xname:=mata”.name;

REAZIN{PATAY;

IF NCT CXIST{MATAT.NAML) TwEN Degin
release(s);
EX!T;

erc;

i€ (matat.roesize<=mata".co'size; tner begin
wm tein{"Too few odservations ... '),
pause:=reacsey;
re'ease(s;;
exit

end;

1=Mmata” . rOms” Z€;

X ¥
copy2{mata;;
for x:= 1 W odc
a'pralaii=i;
.r":e~‘—,

ONEMAT(®ATD;
REACIN{™ATL):
TFONCT EXIST(®ATCT WAMI) THEIN Degin

re'easelD;;

EXIT;
enc;
yname:=raitt.raTe;
FGR x:= 1 T2 mAT(" ROWS:7Z OO

YVECT (X]:=mATCT AT, LTS
write! Natuta' ‘ogaritmvs of 7 : '); . 0G5:=REATKEY;
mrice’=;

if {logs='y ) or (logs:'V') tre= logit{matc);
repeat

matdt:=mata";

matbt:i=mata”;

TRAKSOOMAT (MATB, 1); (* mats returns xt *)

PULTIMATE, MATA, MATE, L), (* mata" returns xix *)

INVIMATAY;

(* now «Crx Or the y mal=ix *)

MU T(MATE, AT, MATE, 1) (* maiB” returns xily *)

MULT(MATA, ®ATS, MATT, 1)) {* matl returns estimated B's *

write’n{'Pags = ', pass;;

(*» fing mear and sum ¢* sG 0" y *)

sy =C;

SUMyS$G:=0;

for x:= 1 to matc“.rowsize do begirn
SuMy:= Sumysmalc”.matrials,il;
SUMYSq: *SumysgssGr{matc”.matsik(x,1});

end;

meany:s= (sumy/x);

(* calclulate the yhat vector *)

(* note: here PATC holdS the « matris *)

mult (MATD, MATC, MATT, 15

(* calculate the residua! vector *)

for x:= 1 to matl”.rowsize do
VreSId{<]:=YVECT[X]-matl .matrix{s,1);

(» calculate n*sgr{y mear) *)

nybarsq:=n*sgr(meany;;
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(* calculate the sum of resigua’s squared *)
sse:=0;
for x:= 1 to MATC .rowsize do
sse:vsse + SQr{YRESIC{x]);
transpomat(matl,1); (* transpose the beta hat vector *)
mult(matC,matB, mat8,1);

SSR:=mgt8-.matrix{l,1]-nydarsg;
SST:=sumysg-nybarsq;
for x:= 1 to mata”.rowsize €O
for y:= { to mata“.colsize do
mata.matrix{x,yli=mata-.matriz{x,y)*(sse/{n-nums-1)j;

(* row create the 7 values *)
HATA'.HAFE:'XNAHE;

REACIN ";\),
fo- x:= 1 to ™ do
for y:= 1 i€ nura do

matat.matv <ix,y)li=power{mata.matrix{x,yl,alphaly)):;
for 1= 1 10 matAT.rowsize CO
for := 1 to matA”.co’size do
ra' malrd AL‘,y'nJmAJ:=- s.matrix[l,ye1] matA" . matrix[s, yJ*LN(matA".matrix{x,y13;
(* no= reg'ess aga'r, tnis time or X|Z1 *)
mata“.co'sizersnatk * 2
cCcpydi{Tata,;;
"va. SP"'-'

K:=matA®.cois12e;

TRANSPCHAT(MATS, 15, (* math returns xt *)

MU (MATS, MATA, matA, L), (* matA returns xix *)

INVITmEtA); (* mats returns xix inv *)

(* G~ wC"x OF the y mairix *)

matc”.name:=yrave;

reac’~(Taic);

MU TIMATE, PATC,MATE, 10 (> matB" returns sty ’)

Mo T{mATA, MATE, ®ATC, 1), (* matC returns estimatec B's *)

(* rcte: on mext Yire matcd 300 hola the x matrix *)

mu7l(~é-,,Ta»y,Fn 2.l {* calclulate the yhat vector, put it ir matic *)

2R 412170 n CC
anu IXGiEMATO LMATRIX{X, 1);
(* ca’cuiate the residua’ vector *)
for x1= 1 ton do
VR=S:3’A, =YVECTIX]-pred(«];
(* calculate the sam cf residua’s squarec *)
sse:=
for x:= 1 to n do
ssei=5se + SGr{VRESIZ(x]);
transsomatimats,1); (* tramspose the beta hat vecior 7)
m t{matl,matg,matB,ij;
SSR:=matB*.matrixl1,1]-nybarsg;
SSTr=sumysG- nybarsq,
for «:= 1 tc mata~.rowsize do (* mocify «txinv to De var-cov matrix *)
for y:= 1 tc matAT.colsize do
matht.matriz{x,yl:=mata".matrix{x,y}*(sse/(n-{numxr2+1}))
alphasig:=false;
(* test to see if any alphas are significant *)
for x:= 1 to numx do
if abs(matC*.matrix[1l,x+numx+1]) > abs(2’sart(mata® .Mmatrix{x+namsel, xenumx+1]}) then begin
alpha(x]:=alpra(x]* (matC.matrix[l,xsnumsel]+l);
alphasig:=true:
end;
mata”.name:=xname; (* recall the name of the original x matrix *) '
if alphasig then begin (* transformation for subsequent passes if any significant *)
readin(mata);
for x:= 1 1o mata“.rowsize dc
for y:=1 to mata“.colsize do
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mata“.matria(x,yl:=power{mata“.matrin{x,y],alphaly]);
copy2(mata);
matc .rowsize:=r;
matct.colsize:=1;
for x:= 1 tor do
matet.matrix{x,1}:=yvect(x];
eng;
(* show betas ang cov matris if noth‘ng significant on first pass *)
i€ rot{alprasig) and (pass=1) then begin
write!lr{'pass = ',pass);
fer x1=1 to numx*2.1 do
write'm(matcT.matringi, x 115, ,sgri{matAt.matrix{x,x]):11:5);
pause:=readxey;
erc;
$assi=passel;

wiitoret{etonasigl:

wingow{1,1,80,25);c rscr;

write'r{’ Estimator Estimate ');
it ————— )
writein;
for x:= 1 to nuk do
rite’n{’ a,a,’ ‘,alpha{x]iil:5);
.,..e‘—;
writein{ Perfo-m tre transformations? :');pause:=readkey;
writelr
it (aa e y‘) or (aaqse='V‘) trer begin

ta”.rave:
reac r\mcga,,
writeln{ na=e for transformed matrix @ ');readin{matla”.name);

-e; (* recall the name of the origiral x matrix *)

fCm A1z 1 tC mata".rces’Ze GO
for y:=1 tc matat.coisize dc
Mala”.mat = x{a,y)::pCwer(Mata” . matrixia,y], 3080y 0,
\

save(Tala, .
enz:
releasell);

~.
er.;

PROCESURT data™era;
var
GC,gc2:ckar;
-iCh, lerpinteger;
seg -
(!”"v'v'r’?r’,"","'7,”0”’7777)

-'c*:-3;

mer.” .maaeicr] :=7;

mer. . tCp -t an.=6;
mer.t.teat{i,wichj:="Enter '
meru”.text[2,ich}:="Vien :
menu‘.text[3,vichJ:~’Impar' ASC
menu”.text[4,wich):="write ASC]
menu”.text[S,wich]: = '0isk C°r "
menu”.text[6,wich]:="List mA7T files';
menu”®.text[7,wich}:= MoCify
menu”.text(0,wich]:="Backup
menu”.text [menu” .max{wich]sl, wich]:=
(R".””Q"’Q'QP"’I"”’,’l'tﬂ”t,',)
go:=meny” . text[l,sich]{l];
G32:=meru”.test[l, wicr){1];
temp:=1;

.

.
4
1 '
i

CATA MENU  ';
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wHILE upcase(GC) <> '8 00 BESIN
window(1,1,80,253;
menucontrol {wick, g, go2, teme;;

§0:«UPCASE(GC);
(l!uaatlat!tnauttn:txntrn:'qttytttt)
CASE 50 OF
g :REEDKEY;
'V':BEGIN
seteindow{35,10,75,18);
onemat(mata;;
REACINIMATA);
IF EXIST{MATA .NAME)THEN
VIEW{MATA,C);

‘1 iREACASCIL

‘W WRITASCID;

CLISHOWSIR{ RLMAT .
‘Crigirecy;

‘M OBEGIN

setw ncomi35,1C,75,183;
onemat{mata,;

faNTe ATt .
REACIN(™MATA,,

1F EXIST{MATAS NAME) THEN .

~ ~
CHANGEL S

£

PROCECURT workmer.;
var
Go,god:icmar;

wilh, tempiirleger;

§°ng :boc'ean;

irga . INTARR;

¢ : doub'e;

[{oletet :too'ear;
BEG:™n

("””’”"7'?”"""'9!”!”""')
with:=2;

mer. . eftfwrcr]iel8;
menu”.maxeich]i=7;

menu” . t0pTeich)i=6;
mer.”.text{i,=icn]:= AdC
mer.”.text (2, wicr = Suwiract
meru”.text!3, wich]z= "Multiply

H
mer.”.texs[4,wich]i= Invert "
men.“.text[5, wich]:= 'Transpose i
menu . text(6,wich]:= Crange Matrix ';
menu”.text[7,wich}:='Determinant  °;

meru-.texs (O, wich]:="Backup ;
meny . text [meru”.max{wich]s1,mch]i="  MATRIX MENU 5
(llr’tnwtnvluﬂ-~rnwlt!ﬂ-n’a',rﬂ’o"'0)
go:-menu‘.text[l,wich][x];
602: «menu~. text(1,#irR]{1];
temp:=1;
wHILE upcase(GD) <= 'B' DO BEGIN

window(1,?,80,25);

menucontrol (wich,go, go2, tem);

G0:=UPCASE(GC);

(!"'!,"’9”".0"""’!'!'!”9"')

CASE GO CF
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"A':BEGIN
SETWINDOW(35,9,79,18);
TWOMATS (MATA,MATB);
IF EXIST(MATA~.NAME) ANC EXIST(MATB".NAME) THEN
ADDMAT (MATA, MATS, 1);
END;
‘S': BEGIN
SETWINDOW(35,9,79,18);
TWOMATS(MATA, MATS) ;
IF EXIST{MATA™ .NAME) AND EXIST(MATB=.NAME) THEN
ATOMAT(MATA,MATE, -1);
ENC;
‘m': BEGIN
SETWINDCW(35,9,73,18);
CMATS(MATA, MATBY;
IF EX T(MATA~.NAME) AND EXIST(MATE".NAmME) THEN
ML T(MATA, MATB, mATD, 3},
ENC;
C1TIBESIN
SETWINCOW(15,9,79,18);
gnemat{mata);
REASIN(MATA);
IF EXIST(MATA.NAME) THEN begin
INV{MATAY;
WRITE ( NAME THE INVERSE: ');READLN{MATA™.NAME};
ViEW({MATa,l);
erc;
ENG;
‘T iBESIN
SETWINDCW(35,9,79,:8);
onema{mataj;
READIN(MATA);
1F EXIST{MATA™ .NAME) THEN
TRANSPCMAT(MATA, G
ENC;
'C':BEGIN
SETWINDCW(15,9,79,18;;
onemat{mataj;
READIN(MATA);
1F EXIST(MATA™ NAME) THEN
MANIPMAT(MATA);
erd;
'C'iBESIN
SETWINDOW(35,9,79,18);
onemat(mata);
REACIN(MATA);
1F EXIST{MATA™ .NAMZ) THEN
DETERMAT(MATA, )
erc;
END: {® ENC OF CASE ANC ELSE”)
(’Qﬁ’""’Oﬂ"ﬁﬁn"r”"’l!?"l?”v’)
end;  (* wHiLE LOCP END *)
END;  (* PRCLECURE ENC 7)

PROCEDURE mainMENY;
var
60, go2:char;
wich, temp:integer:
begin
(!!ﬂ'ﬂ'.'!'l'.llt!ll!'tﬂ!Qﬂ"l’l'!ﬂﬂ)
wich:=l;
menu . left(wich]:=1;
meny” .max[wich]:e4;
menu” . top(wich]:=3;
meny” . text{1,wicn):="Data '
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menut.text[2,wich]:="Mat . CDS
menu~.text{3,wicn]:="Reg-ession
menu~.text{d,wich]:="x transfo-m
menu®.text (C,wich):="Cuit’;
menu-.textimen.” max e Chlel, wich]i="  MAIN MENL 75
(ﬂll.'lﬂlil!'!ll!l!!l"t!’t’!k'!""O)
go:=menu~.text{l,wicr}{
GC2:cmenu”. text 1, mich]
terpi=l;
wii f uprasel5C) < ‘GO0 BESIN
windom{1,1,8C,25};

Al - ,e . .
me~.cormire’ (wich, G, 582, e

T 1.
s
Faa,
Lede

6C:=UPCASE (G0

(voop"',"vv't’-'000’)’,’9"00"”\

7
CASE GC CF

o CATAMING;
‘M : WORKMING;
, . pems AN
R orsm(T5;
‘X' i xtransform (T3,
END; (* ENC OF CASE AND ELST”)
(.”""vv’l"'"t””?'btr't?rtvov’)
erg; (* wrilf (03P END %)
END; (* PRCIITURE ENS *)
(* MAIN PRIGRA™™)
BEGIN
nem{Tata);"ew (T3]
TUnyian nnoAAs.
TaNY 20 vwvvna,;
cirsce;
tealbacngrourois wel;
write] MATRX -- by Dave Summer

gotCay (1,25 a7 e
TEXTBACKGROUKI (3L ALK
MAINME N

EnC.
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urit davestar;

(lt!ﬁ!!n!!iﬂ!!!tﬂtltr!!*’!’?’.’!!""i’t!ﬂ"ﬂ’.t?!t't!!’t!tv"zt!?’ﬂ!””?,
This unit contains mamy of the statistical procedures cailec in the
probstat program. Some cf them are original, and others are taken from

Numerical Recipes or Turbo Pascal Programmer’'s Library.
ﬂlll!l!!!tl**ﬁll!lﬂ’!2!!'!!’f!”!’z!t*!v!’ﬂ!!ﬂRRltl!tﬁt'lrt”""'?’r'?l';

INTERFACE
uses Crt, gavemend;

TYPL
vec: array[C..2C] of integer;
largevect = array(i..100Jo7 double;
dousvect « array[53..10] of dous’e;
twervect = array(c..2C) of double;
charvect = array(1..20] of char;
threebytwer= ar-ay’1..3,0..20] of doudle;
fourbyimen = array(i..s,0..20)0f double;

o

ternsg = array[i..10,1..10] of doudle;
twersg = array(1..2C,1..20] of douc'e;
twercube = array{1..20,1..1G,1..1C] of doudie;

fourtiwensg = array(0..20,80..2%,1..4] of double;

systemrec = recorg (* Holas the system cost defiritions *)
vars : threesytween; (* Single var type,hi,lo= *)
varstim : fourbyteen; (* Single var nocost,PI,CON,PC lengths  *)
cervars : fourtwensg; (% Cer explamatory var type,hi,low,aipha ”)
certime : fourbytwen; (» Cer nocost,Pl,CON,PC lengths *)
cerzetas . twersy; (* Cer beta estimates *)
certypes : charvect; (* Cer type *)
cermse : twerver:; (* Cer MSE *)
cercevs . twencube; (» Cer cov matrices (cholesky sqri) *)
rate : double; (* Associateg intere-t rate for PV *)
enc;

sysgit = “systemrec;
AXISANNSIZE = STRING{8C];
ANKARRATYDE = ARRAY [C..217 OF AXISANNSIZE;
FILENAME = STRING[12];
WORRS = STRING(B];
infomatpis = “irnfo;
INFomat = RECCRC
ATRIX @ tensg;
ROWSIZE : INTEGER;
COLSIZE : INTEGER;
RAME ¢+ WORRZ;

ENS;

CATARAY = ARRAY [1..250C; OF doudble;

INFC = RECORD
CATA : DATARAY;
S1ZE . INTEGER;
NAPE : WORRC;
ENG;
infoptr = “info;
CONST
X0R1=1;
YORI=12;
var
FIL <FILE OF INFQ;
sSysname, seiname :WORRJ;
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MATI,MAT2,matd tINFOma L

pause schar;
Sys isysptr;
seed sinteger;

x,y,z,count,glixi,g'ia2,g) a3, seecl, seec?2: integer;
gir ARRAY [1..97] OF double;
glinext,glinextp integer;
g'ma ARRAY [1..55] OF double;

FUNCTICH Pan3’”An idam: integer): doub'e; (* from numerical recipes *)
PROCIZURE MEANVAR(SETG:INFQ; VAR MEAN, VARIANCE:double); (* original *)
PRCCECURE JAC«\S‘Y”:ANFV;'AR IMEAN, IVAR: double); (* original *)
FUNCTICN gam n{ax: dout’e): doubdle;

FURCTION seta (a,b,x: double): double;

farctior tva'we{tstat:double;df:integer):double;

functior fvatue({fstat:doud’e;cfi,df2:integer ) :doub’e;

FURTTICON 2xiST{term:wIRRD) : BCOLEAN;

FURCTICN EX1ST2({temp:filename; : BCOLEAN;
PROCECURE SAVE(SETG:INFI);

PROCESURC RtADIN(VAR SETG:IINFD);
PRCCECURE TWCSETS{VAR SZ7A,SEVB:INTO);
PRECICURE MU Tmal;

PRCCEDURE READASCTIL;

PRCCETURE HQuf‘SLIA,

PROTECZURE

PRCITECURE

PRGCECLRT S

PROCECURE SORTAR (¥
PROCECUAE QuANTILES;
PRCCECLRE PRCBAZI.ITY;

n

FunlTiCn ran3 (VAR idum: integer): doubie; (® from numerica' recipes *)

(”"'v"'.’0"0""'0"'v"”o0.!!””"'?"”’RR?'ﬂ?"”??”kt?"'.’?ﬂvt
This procecdure ~as taxen from Numerical recipes. It gererates uniform{C,1)
varias’es.
””’r”y~»yv",9!'97”"’,'?,tt,",,”?”'.’,”!’”tﬂ!',,t’?!’,’t"t"”)

{* Prograrms usng RAN3 must declare the following variables

in the ma‘r ~g.lire. Machines with 4-byte integers can use the intege-

impleme~tat e~ of this routine, substituting glma of type integer, thre

comre~tec CONST ard VAR deciarations, and the MOD function in the thirg
Tine a“le= t=e BeGinh. *)
{* CONST

jgetAfAfnsnnn
mpig=100303CC000;

mseeC=16.823398;
mz:3;
fac=1.0e-9;
VAR
1,k,mi,mk: irteger; *)
CONST
mbig=4.0e6;
mseed=1618033.0;
mz2=0.C;
facs=2.5e-7; (* 1/mbig *)
VAR
i,11,k: integer;
mi,mk: double;
BEGIN
If (idum < ) THEN BEGIN
mj :x mSeedsicum;
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(* The following If block is mj := mj MCC moig; for real variables. *)
IF mj>=0.0 THEN m¢ := mj-mbig»trunc(mi/mbig)
ELSE mj := mbig-aps{mi)embig~irunc{abs{ms}/meg};
gima[55] := mj;
mk o= 1;
FOR i := 1 to 54 DT BEGIN
i1 1= 21*i MCD 55;
gimalii} 1= mk;
mx = mi-mk;

IF (M < mz) THER mk 1= mkembig;

'malle({1+30) MOC 35)3;
= g'malilembig

g'ineat = glinextel;
IF (gimeat = 56) THEN glimext := 1;

G ireatd 1= § ineatp-i; :

If (g inextp = 56} Trch g'inexiz = 1
mj i g'malgiinexij-g'ma 5 ineals];
T ez THen ®g o= miemdigs
g'malg ineall 1= mi;

ra~3 1= Tittal;

PROCEDURI MEANVARISETG: INFO; VAR MEAN,VARIANCE:doub’e); {* original »)

(t,"?’-7""7"’»"*"0”’0077'0"”?9""9?'?"’0v”""’ﬂ'l!t”!"?”'
+ 4 " i A Al 3

This procecuwte ‘s 3') origina’. it calculates the mear and variance of

3 Cald sel WS rg n-l ~eigeiimg.

??",’Oyo—v’yy”O’v"’7"¢’D’,””?’t¢""’?!!"’ﬂ’?"”ﬂt'??,".'t’!t??t)

VAR Su®,S.%SC:ccse;

X:INTEGER;

Bzoin
17 SETG.SI7E<=2 THEN EXIT;
SuMSG :=C;
Su"  :=0;
FCR X := 1 7C S£76.S128 ©C
BES %
SUMSG := SUMSG « SGR{SETG.CATA[X]);
Se® 1= SuM ¢ SETG.DATAIXD;
ENZ;
MEAN s= SUM/X;
VARIANCE 1= (SUmSG - x*SGR{mear))/{Xx-1);
ENG;

PROCECURE JACK(SETG: INFD; VAR ZMEAN, IVAR:double); (* original *)

(’t,ﬁl!!.i'l,’ﬂ’?!ﬂﬂ'r!tt'ﬂ't"l"""’!ﬁﬂﬁ”’!’ﬂl!ﬂﬂ"t'”OQ""!’I!’!"
This procedure calcudites the "jacknife” estimate of the sample variance.
The standargd error of tr's estimate allows a confidence interval (symmetric)

to be drawn on the sample variance.
’lt’l'!l!!ﬁ!'ﬂ"l!!"'?o'"’"""”"?”""’,’l’Qtl't”"t!”""’*”ﬂ)

VAR PSUEDCJ :DATARAY;
SUM2,SUMZSG, SuM, SUMSQ, MEAN, MEAN), VARTAKCE :doudle;
AN 1 INTEGER;
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(tll!!'!ll!!t!ltltt!!ttt"ltiﬁ!li!ttlitR’tﬂﬂﬁ,t!ltl!ﬂllltt!ﬁktttﬂt’*tkﬂ!t

In calculating the pseudcvalues and z values, it is mecessary to sum

the entire sample set and their squares n times, each time leaving out

the i'th valye. This procedure gets around that. First the entire set

and their squares are summed. Then, the first value is subracted from the
sar, and its square from the sum of squares, and the appropriate psuedovalue
and z value are generated. Then the value is added bac< in and the next
value is subtracted out.

!’Q!??!ﬂ%"!!ﬂ,'”llﬂ!’!’!t!'ﬂl!”lﬂ’Qﬂ’!!’ﬁ!*ﬂ’t!*'k""'!ﬁ!’ﬂ’iﬂl!l'ﬂ')

BEG:

IF SETG.SIZE<=2 THEN EXIT;
MEANVAR{SETG, MCAN, VARTANCE);
» :=SETG.SIZE;

SuMZ  :=(0;

Sum2SG :=C;

SuM :=0;
SumMsg =0,
FOR X := 1 TC SE7G.SiZE OC
BEGIN
SUMST = SUMSGE « SQR{SETG.CATA[X]);
SUM iz SuM o+ SETG.LATA[X];
ENC;
FOR v:= 1 70 SETG.SIZE CC
BEGIN
Sum $=SUM-SETG.OATA[Y];
SumSS 1 =SUMSG-SQR{SETG.CATA[V]);
MEANS 1= Sum/{m-15;
pSuece; Jyl:= (SUHSQ - (m-1)7SQR{meanl)}/(™-2};
PSUEQCI[V]s= MY {VARIANCE)- (M-1)*psuedo;iv];
sum? 1=SUMZPSUEDOC[Y];
SU*Zs% 1=SUM2SG+SGR{PSUEDCI(Y]);
Sur :=SUMLSETG.DATATY];
SUPSS :=SUMSG+SGR{SETS.CATALY]);
ENC;

IMEAN 1=SUmZ/V:
VAR 1= (SumZSG- (WP SQRIZMEAN) D)/ (M-13;

ENC;

FUNCTION gammin{xx: doub'e): double;

(2!?!!";”"0?ﬂ"”?”ﬂ?””?P,,"t’"*”i’!tl,k!ﬁtﬂ!’*!!%t’tt!!!%**!*’,
This is an incompiete gamma function puiled from Numerica. Recipes. It is

vsed 10 find T values anc F values.
l!!’l"’ﬁ”ﬂ""””"7!2’?'!""”'t,"!'!ﬂt!ﬂ"’,,!ﬂ!?!”ﬂﬁ!!!tﬁﬂﬂt'!ﬁ)

CONST
sip = 2.50662827465;
o= CLS;
one = 1.0;
fpf = 5.5;
VAR
%, tmp, ser: double;
j: integer;
cof: ARRAY [1..6] OF double;
BEGIN
cof[1] := 76.1B009173;
cof(2] := -86.50532033;
cof[3] := 24.01409822;
cof{4] := -1.231739516;
cof[5] := 0.120858303e-2;
cof{6) :« -D.536382e-5;
X = XX-one;
tmp := x+fpf;
tmp :e (x+half)*in(tmp)-tmp;
ser := one;
FOR j := 1 to 6 OC BEGIN
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X = xeOne;
ser := ser+cof{j]/a
END;
gammin = (tmps+ln{stprser)]
END;
FUNCTION betacf(a,b,«x: doudle): double;
LABEL 1;
CONST
itmax=103;
eps=3.0e-7;
VAR
tem, gag,qaw, Gad, em,d: double;
bz,bpe,bp,bm,az,app: double;
arm,a0’d,ap: doub'e;
m: integer;

BEGIN
ar := 1.3;
bm = 1.C;
az := 1.0;
qad = ash;
qap := a+i.0;
gaT := a-1.0;

bz := 1.0-gab’x/qap;
FOR m := 1 to itmax 00 BEGIN
ot my
ter := emsem;
d := em(b-m)”x/{(qam+tem)*{a-tem});
ap 1= az.dram;
bp = bz-C*bm;
¢ := -(asem)”(Gaboem)*x/((a+tem;*{Qap+tem));
3Dy 1= ap.aTaz;
bpp := bpe+d*hbz;
ao'd := az;
am = ap/5op;
™ i= DE/95T;
az .= app/Lop;
£z := 1.0;
iF ({abs{az-a0'd)) < (eps*absiaz))) THEN GOTT
ENC;
write'n{'pause in BETALF');
writeln{’'a or b too big, or itmax too small'); readln;
1:  betact := az

FUNCT[OK betai(a,b,x: double): double;

(’R"""!”t!t"l?'!!’ﬂ"!l’l,!”,!"!,t’!'kl"’*t!!!!!ﬁ’lt*!!kt,!tﬂﬂ!"

This is arn incomplete bela function used to generate T and 2 values.
Numerical Recipes.

",?,'”'0”*',"'!”””’!1’!,,"?”!""'7Q”ﬂ!"””7"”””!"'**'2)

VAR
bt: double;
BEGIN
IF ({x < 0.0) OR (x > 1.0)) THEN BEGIN
wTitelrn{'pause in routine BETA['}; read'n
END;
IF ((x = 0.0) OR (x = 1.0)) THEN Dt := 0.0
ELSE Dt :~ exp{garmin(as+b)-gammin(a)-gamm'n(b)
+a*In(x)+b*In(1.0-%));
IF (x < ((a+1.0)/(a+b+2.0))) THEN
betai :« bt*betacf(a,b,x)/a
ELSE betai := 1.0-Dt*betacf(b,a,l1.0-x)/b
END;

function tvalue(tstat:double;df:integer):double;

(."P!"!ﬂ'ﬂ!'ﬂ!!ﬂ.....lﬂ""!"l"”!.*l"t'ﬂ,!’ll"'ﬂ"'ﬂ"lﬂk!!ﬂ’ﬂ'*’!

This is original, using a formula developed in Numerical Recipes.
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note: this returns the p value of t statistic and df, for one
tailed test.

AXAARRARXARRARRARRRRRFR PSSPy p "’k’?!"”"’!"""’t’!’t'2"'1"!"_”2'*”’,)

begin
tvalue:=betai (df/2,1/2,¢f/{df+tstat tstat))/?;
end;

function fvalue{fstatl:goudle;dfl,gf2:integer):doudle;

{lki'!l!!ll""!l'l!!R'Q?."l!!!!"l'!’t!'!t"?’!!Q!R!!!!P"?!kll?ﬂ!?’!?)

Tnis returns the p value for fstat and the twg degrees of freedom.

Q"lkﬁQ»v"’v't'vl-'-'x!g"OOQQ?!vt”ntnr*tﬂtﬂrﬂ,zktt!’!)'!!!!’!tkkttt’)

begr
fvalue:=bets’(8%2/2,d%1/2,C72/ ¢ 2+0F > Fstat));
erc; °

FURCTION 2XIST(1emp:wWlRRT) : BUCLEAN;
(* tn's checks to se if the giver ".set" file is on the disk 7
var

0K :BCTLEAN;

TemsP P ILENAML;

G2 1 CHAR;
BEGIN

TEMPI:=CONIAT{TImA, ST,

1
ASSIGH(TIL,TERDY);

{$1+}
CK:=.3RzSu.™ = {;
IF NC7 OK THEN
EXIST 1= FALSE
ELSE
BEGIN
YR
EXIST:i=TRUE,
ENC;

ENC;

GHOTION EXIST2(temp:“ilename; : BUC_EAN;
(* this checks to see ¥ the file mame passeg ir is on the disk *)
VAR 7L FLES
oK :BCOLZAN;
TE®PP  iFILENAME;
GC:CnAR;
BEGN
TEMPP: =TEMP;
ASSIGN(fi1,TEMPP);
{81-}
RESET(FIL);
{$1+}
OK:=IORESULT =« 0;
IF NOT OK THEN
EXIST2 := FALSE
ELSE
BEGIN
CLoSE (71t

EXiST2: -7

'

)
Rut; .
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ENC;
ENT;

PROCEDURE SAVE (SETg: INFO);

(» this procedure writes the gata set to a '.set’ disk file #)

VAR OVER :CHAR;
TEMP (FILENARE;
Tabe® 1C;
BEGIN
10: TEMP:=CORCAT(SETG.NAMC, '.SET');
IF EXIST{SETG.NARE ) THEK
BEGIN
WRITE('File Exists, Overwrite?:
CVER:=READKEY;

write'r;

ENS
ELSE

CVER:="V";
IF UPZASE{CVER) = "Y' THEN
BEGIN ¢

ASSIGNITIL, TENR);

REWRITE(TIL):
WRITE(FIL, 527G
CLOSELTIL);
E%S
E St beg'~
WRITI{ hee name {"q" tC Guit): ');
reagir{setg.name;;

i€ {setg.nare= G') or (seig.name='G’

selname:=seLg.name;
gee 1C;
erd;
END;

PROCICURE REACIN{VAR SETGIINF

S
(* t=is procedure reacs a ".se

’

VAR PAJSE :CHAR;
TEmP SFILERAME;
TEMPHAME :WGRRS;
BEGIN

writeln;

ther exit;

1" file from disk into the SETG variable *;

WRITE('Data file mame? (',SETNAME,'): ');READLN{TEMPNANE);

1F TEMPNAME <= ' T
SETNAME : = TEMPHAME ;

SETG.NAME : =SETNAME ;

if exist(setg.name) ther begin
TEMP: = LONCAT(SETG. RAME, ' SET');
ASSIGR{FIL, TEMP);
RESET{FIL):
REAS{FIL,SETG);
CLISEXFILS;

end

else BEGIN
writeln;

write{'Data file does rot eaist ...’

PAUSE : =READKELY;
END;
END;

(* original =)
PROCEDURE TWOSETS(VAR SETA,SETB:INFO);

(» tnis provideds the prompts for reading two '.set’ data files from disk *)

BEGIN
setwindow(36,10,78,18);
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writeln;
WRITEIn('FIRST SET: ');
writeln( ' ®asxzxamr ).
READIN(SETA);
writeln;
writeln;
WRITEIn{'SECONC SET:');
H?il!h‘\( 1232132328 ):
REAZIN{SETE);
writeln;

ENG;

PRCCECURE Mu.Tmat;

(* this grocec.=e muitip'ies matrices, it is used by the MULTINORMAL
{* variate generator, which is used to sample dependent B parameters

”)

(*»r7* note that it uses the matrices that are globa' variables to avoid »

[Sabdebohd passing parameters an¢ filling up the stack.
VAR X,V,2 L INTEGER;

™ :doudle;
BEGIN
PAT3. ROWSIZE:=MAT] . ROWSIZ¢t;
MAT3.CC.S1Zc:=MAT2.COLSIZE;
FOR X := 1 70 mMATI.ROWS:iZt CC
FCR Vv := 1 70 mAT2.COLSIZE CQ BEGIN
Su"i=3;
FCR Z := 1 TC mATI,COUSIZ2E OO
SU* = SUM + MATI.MATRIXIX,Z2]*MAT2.MATRIX[Z,V];
PATI MATRIX{X,V]:=Su™;
ho
end;

PROCCOURE REAZASCII;

(> this reads a sing'e colum ascii file ancd stores data in a "

TYPE
Fyo = TEX™:
VAR
X, v, INTZGER;
FlIL Fyves
GC, NAME 1WORRD;
SETG TINFODTS
P :pcinter;
BEG:™
marx{p);
new{seis);
set~indow(36,1C,78,18);
WRITEIn;
WRITE('what ASCID file? : ');REACUN(NAMZ);
writeln;

IF NOT EXIST2{NAME) THEN BEGIN
WRITE{'Data file dces nct exist ...'};
PAUSE : =REACKCY;
writeln;

EXIT;

END

ELSE BEGIN (* if the ascii file exists *)
ASSIGR{FiL,NAME);

RESET(FIL);
setg*.SI2E := 0;
WHILE NOT EOF(FIL) 00 BEGIN

setg~.S12€:«setg”.S12E+1; (* increment number of data points *)

REAOUN(FIL,setg".DATA[setg".SIZE]);
END;
CLOSE(FIL);
WRITE('New file name? : ');READLN(Setg”.NAME;;
SAVE(setg™); (* save the data to a disk file of ".set
ENC;

"
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window{1,1,80,25);
release(p);
ENC;

PROCEDURE WRITASC!I;
(* this writes a data ".set” file to a single colum ascii file *)
TYPE
FYL = TEXT;
VAR
X, ¥, 2 :INTEGER;
Fio  :Fye;
60 IWORRT;
name :filename;
SETG :infoptr;
p ipointer;
BECGIN
mars{p;;
ne«{seig);
seteindo={36,10,78,18);
READIN{selg");
1F NCT EXIST(setg".NAME) THEK EXIT;
WRITE('Name of nes file : ');READLN{NAME};
writelr;
ASSIGN{FiL NAME);
REWRITE(Fi_);
fer x:= 1 to setg”.SIZZ do
WRITELN{FIL,setg . CATAX]:112:5);
CLCSE(FiL);
wingc={.,1,8C,25);
releasel;);
ENC;

PRCCECURE REECKEY;
(* this procedure allow the user to enter data from the keyboard *)

(* iric .set’ file *)
VAR

code,QuIT,X,VY,FYLE : INTEGER;

OVER : char;

TEMPNAME + WORRZ;

termp : stringis;

ters? : doutle;

setg . infoptr;

p : pointer;
label 1C;
BEGIN
mark(p);
new{seg);
set«indoe(36,1C,78,18);
wri le‘.—.; . .
WRITE{ Name your data {',SETNAME,') : ');READLN({TEMPNAME);
IF TEMPNAMZ <> ' THEN {* if a name w~as entered use it , otherwise use the default name *)
SETNAME ; = TEMPNAME ;
Setg” .NAME 1 sSETNAME;
IF EXIST(setg".name} THEN begin
writeln;
WRITE('File Exists, Overwrite?: ');
OVER := READKEY;
writeln;
end
ELSE
OVER:='V';
IF UPCASE{OVER)='Y' THEN
BEGIN
writeln;
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WRITE{'Enter "Q" wher dore.');
QUIT:=0;
X:=0;
WHILE QUIT-0 CC
BEGIN
Xi=X+1;
10:WRITEIR;
WRITE('Enter ELEMERT [', X, J: ');READLN{TEMP);
(* reading a character variable ang converting to a real number *)
(* keeps the program from bombing if a data eniry error is made *)
va' {TEMp, TEMP2, code);
if ccde=C ther beg'r
(" if the text =3s suCcesstully converted to a number *}
setC . SATAX]:=TEMPZ;
setg~.SIZE:=X;
EnS
else if upcase{temp’i]})="Q then guit:=l
(* whe~ the user eriers a “q" the program will siop *)
16 promting for cata points ard save the data file »)

e'se begin
bee:;
gotc 1T,
e~g;
ENS;
save(selc”);
EnC;
release(s);
ERC;

AAREA e o, e,
p'(u»:uuq: wRANGL

(* This procec.re al'0w5 yOu i€ Change 3 vau'e in the data set. *)
{* It is muc~ easier to »rite ang ascii file, edit it, and reac it back in *)
/AR

coce, X, v : INTEGER;

tems :ostrimgls:

tems? : double;

SAIV,CHANG @ char;

selg . infoptir;

p : pointer;
BEGIN

mark{p);

nee{setg);

setnainco={36,1C,78,18;;

REAZIN(SEIG™ )

IF nct EXIST{setg”.name) THEN exit;
CHANGZ='Y

Wi E upcase{CHAKSj="Y " 00

BEGI®
writeln;
WRITE( Change something?: ');CHANG:=READKEY;
write'nr;

writeln;
If upcase(char})='V' THEN
BEGIN

write('which element? : '};intREAD(X);
writeln;
WRITE('0)d value = ',setg .CATA(X]);
writeln;
write('New value = ');doubleread{setq .datal«]);
writeln;
write('Save the data?: ');SAIV:=READKEY;
writeln;
write'n;
IF UPCASE{SALV)='Y' THEN
BEGIN
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WRITE( 'Name tne data : ');REACUN(SELG .NAML);

writeln;

SAVE(setg™);
. END;

ENC;

END;
reiease(p);
ENC;

PRICEZURD St

{* Tmis mritles a data set tC the screer *)

VAR X, ¥ DINTESER;
selg i=fopir;
£ peinier;

I8N

mara{2};

nee(selg;;
sete’ng0~(36,.C,78,18);
rescinselg”);

I7 not EXIST{SITg".name; THEN ex't;

’
H X} . ”~ £n,
-‘.ndo-\.,.,ﬁu,?,,,

= 1 70 set3”.s'z2e CC
(SETGT.CATAIX]18:83;
RTACKEZY;
re‘easelo;
Ens;

PRIZEZLURE SCRTAR (VAR SETGIINTD)
(* 17’5 's a "eassi-=t fo= sCriing va'ues »'iF°7 @ C3la sel
{7 Tr's «as "flec ver batu frov Pasca! Progratmers Library
(* =it~ tne eacepticm o7 tre 'ime befcre the "L8:7 lade’, |
{® R3C iC 8CZ =S i §.20 the procecure from trying to sccess
{* a Cala se: e'emer: 31 the zerc ‘ncea. (Causes an error)
LASZL ol,02,.3,04,05,07,.8,.9;
VAR 1,0, o R, PALSE s INTEGER;
No¥ rdouste;
nase scha-;
Bzain
[F SETG.SI78 <= 1 THIN EXIT:
Li: vi=SE7G.8128 Siv 2 » 1;
R:=S£7G.S12¢;
L2: IF L > 1 THew
BEG:N
Lot= o - 1
NG® 1= SETG.CATALL!
ENT
£.SE
IGiN

NG =SETG.OATA(RY;
SE™G.0ATA{R]):=SETG.0ATATL Y,
R:= R - 1;
IF R = 1 THEN
BEGIN
SETG.DATA[1]:=NU™;
EXIT
END
END;
L3: J = |;
Ld: Iz= J;
Ji=dsd;
IF J=R THEN BUTC LS;
IF J=R TWEN GOTC O7;
L5: IF SETS.CATA[{G] < SETG.DATA{C+1] THin

DR
v.Eiwry,
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L7: SETG.DATA[1}:=SETG.0ATALCY,
GCTY L4;
18: J := I;
I:= J DIV 2;
if 1<l then 1:=1;
L9: IF (NUM <= SETG.DATA{I]) OR {J = L} THEN
BEGIN
SETG.DATA[S) 1= NuM;
G2 L2
ENC
ELSE
BEGIN
SETG.0ATALS] 1= SETGLOAT
GS7C L8

2.
ey

ENT;

proced.re Guarntiiles;
(» Tnis routine gels point estimates and 90k two-sidec confiderce intervals *)
(* for tme gua~ii'es eith multipies of 10 ie. .1,.2,.3 etc. See Kiiejmen. *;
var setg  cirfopttg

T ipeintes;

p,n, G :doudie;

beg'r

mars{"};

ree(segG,;

se~-<rdu-\36,.v,78,.~,,

RTAZIN(setg");

17 {metl EXIST(seig .rame); or (setg".SIZE <= 20} THEN begin
write! Irs.€ficient sample size (<20 ; (® ASSUMPTIONS DEPEND CN N>20 *)
pause::reacxey;

releasel");
[ Y
ers;
ri=se.g .5 ze;
write' -;
wrrtle! Please watil -- Sorifng ...');

sorirriselg’);
-wncu-\.,.,su 255

clrscn;
sele’rdcm(1C,5,73,22);
T ~e.n(’ Guamitle fstimaticr and 9C% Corfidence Intervals');

write'n;
coloromceien (s ue, lack);

writeir{ % Pairt Lo Ri');
write m{" 'Y
crlfpremcs’cn{~mte, black,
write'";
for «:= 1 ¢ 9 do pegim (* lic KLEIUNEN PAGE 36 FOR ALGSTITHM [iSCUSSICN *)

DI /23, .

=1-p;
wrr.e( ,x%10:3, % ‘,setgt.datalirunc(x/10%*n};]:13: 2);
write{serg .dats trunc{n*p-1.6457sgrtin p?{1-p)))+1]:13:2, N
N

write'n{setg”.data{irunc(r?p+1.645*sg"t(n*p*(1-p;;)+1}:13:2);

end;

writeln;

p:=0.25;

repeat
q:=i-p;
write(' ',p?100:3:0, s ‘,setg”.dataltrunc{p*n}]:13:23;
write(setg™.data{trunc(n®p-1.6457sgrt(n*p*(1-p)))+1}:13:2," RH
writeln(setg .data[trunc(n®p.1.645%sqrt(n*p*{1-p)))+1]:13:2);
p:=p+0.5;

until p=C.75;

pause:=readkey;

release(T);
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erc;

Procedure Probadil‘iy;

(* This routine uses tne estimatc~ for Simpmia’ probadbilities to get a *)
{* norparame ric estimat or of the probat’‘ly 0f 3 value drawr from the *)
(» cata set s unter'ying popuiation beginm less tnan X. The esiimator )
(* a~¢ {1 fo-mulas can be founc in amy basic stals book. [ usec Elementary *)
(* Statistics 2y Cuxbury. *)
var seig rinfeptn;

T :pointer,

L, WY, 87, namoen, 0, ¢ sgeul’e;

r rirteger;
be;'j

maTw{");

kY Ll
ne={sev5;;
sele"nCOw(3€,.5,75,16;;
REACIN(sELG™ )
it {ngt TxIST(setg .rare;; or (s
aritel Irs.ffrCtert savpte §i2
pause:="eaixey;

re’ease”;;

1t <= 2T Thch begin
v (* assdmpiion 0f K220 %)

[
erc;
wrote’nl Furcior retatns Plack) )

.. i Y . - . ~ ~ ’ - - .
wrTle{ CTle” XD T CCud ereal{mJrIec);

r:=selgt.sze;
wrole'";

writel Flease wa'l -- Sgrling ...

cepta
- e N
feprans
sorikr{se13");
N
sami=l

.6257sg-{p*a/m) .

LBa57semL(pra/nl
prr o< 83 ¢r (3% < 5) trer begn (* g7r ang Prn must be > 5 *)
Ims.ffictent data spreag ... )y (* for Il to hold ~ater %)

pause:=readsey;
retease(”);
e.'y;

erc;

write'm;

write’r{ Poirl estimate: ,p:7:5;;

write'n{ 90k (i: PR CRES KT
write'n{ Le @ ,Le:xl:
pause:=reacxe,;
re'ease!”;;

erc;

v on

erc.
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{$m 64002, C, 655000}
{N+} (® sets the coprocessor on *)
Unit daveMeny;

(t’:tﬂnl!lll!l!ttt!xk"?':,’x’?l’tr’,r’an!kt,r'tQn!t*!ﬂ!?g’?"!r:"rlk’y’

This unit contains ai' the Procedures necessary t0 support the scrolling
menus in the main program. The menu choices and attributes are stored

in MEh, wmiCn §S @ reccts. Notice that this is a pointer variable, mearing
that tris variable resides in the HEAP, leaving the wholw 64K 0f main cata
mercry free for the apc'ication {main program). Also roie that this is &
g'cca’ variat'e, eliminatling the neec 1o Dass it as 3 parameter among the
va~iouws Procedures, which wouid overlpad the stack section of memory.

"n?!'rt~r'o~ry’¢"lt,!"1"yt’"”'rv"?r"???t!?’t”tktttﬂ”trr?’u!'y'v')

INTERFA
Lses

rae

£

(]

PMac.
-CS;

§i-tmg3Cest

Simrrglissininglis];
creertir="Screentlyce;
Screea;jgeziecgr: (,'vror’v’,'v’!yry'tvr,yy)
Pos : ARRAVII..25,1..8C) GF RECCRD {~ This enables sic~ing =)
Cr : CHAR; (* a text Screer to *)
AL L BYTE; {* memory for later use.?)
Eng; (r 7}
Cursx,lursy : integer; (*rrrexrrrennsrroecrrrrye)
Eng;
MerTextzarray C..11,1..1C) ¢ string3g;
MerPgs=a~vay [1..2,0..9,1..107 of irteger;
Memrirst=ar~ay (i..10) ¢f tociear;
merSc-een=array [1..137 of Scree~lype;
Mg~ n€s2te c"mercrfp;
re~1-‘y = recoure
texi:mentext;
pos :menpos;
First:merFirgl;
Screen:merScreer:
max:array [1..10? of integer;
top:array {[i..10] ¢f irteger;
left:array [1..10] of intege~;
eng;
Filename = STRING(12);
wor~g = STRING(B;
VAR
% : integer;
Screen : Screen?tr;
Menu . MeninfoPtr;
pause : Char;

Procedure ColorOnColor(letters,back:word);

Procedure Beep; (* origina' *;

Procedure CoubleRead(var value:double);

Procedure IntRead(var value:integer);

Procedure GenericBox(xl,yl,«2,x3,x4,y4,LineType:integer);
Procedure Setwindoe{yl,x1,y2,x2:integer);
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Procedure HorzSetMeru(wich:irteger;;

Procedure ScrollMenu(wich:irteger;var go,go2:char;var temp:integer);

Procedure Highlight{xpos,ypos,choice, wich:integer);

Procedure MenuControl{«‘ch:integer;var go,go2:Char;var temp:integer);

procedure Showdir{FileSpec:FileName); (* turbo 4.0 cr pascal programmers library
Procedure Prtsc;

IMP_EMENTATICN

Procec.re Preisc; (¢ from Pascal Progriémmers Library, By Que *)

(!Dr’!””lﬁ”"”"?’rl!ﬂl’!'ﬂk’?lﬂ".t!'ﬂ"'?"lk”.’??!l"'?’
This Prgcedure forces a screer dump tc the printer wher in the
text mode, arc »° 1 work in the graphic mode 1T a graphic screen
durp utility suc™ as egacmp of the CHART package, has beer
ingta’ed.

”"’ll',’,’?"’,’7”"!’?"l}”"?””'V’,””?'*’!”th”?")

Var Reg:Registers;
Begi™

Intr{$5,C0s.Reg sters(REG);
Erg;

Procecure Shoml - (7ileSpec:Filename);

(""tl’?”',?""’?"!""!tv”""’k,?"?!”!’r"!’?’l,’?"’v’
Tr-s Proced.me CS'pays a Girectory of the current €Usk using the
file spes-focalion given, SuCk &S 7.* or 7.pas. Taneo from the
Jue BOC< Turbo Pascs! Progmatme-s Library.

”o""r.’l'roovﬁ.Q',,oo’v’0,9'7"’?)”’?'?"?”””""t!””’!?’)

type

String8C 2si” ng{Bl);
corst CoTums = 5
VAR J,ClciSize :iintege~;

Reg iregisters;
Cta TARRAY(1,.43] OF BYTE;
1444 1BYTE;
Pause 1 {nAR;
Beg:n
CLRSCR;

ATTR:=0;

CCLSIZE := 8O CIv COLumKS;
REG.COX :=s0FS{CTA):
REG.DS 1= SEG(ITA};

‘ann

REG.AX = $1ACS;
MSCC5(005.Reg sters(REG
Colorgrloior(ye ‘ow,blu
gotax;(?:,l);-r‘:eln(”
TextBackgrourc{s'ack);
write'n;

AN

il
e
srsxverrer [IRECTORY srreerasxy );

FileSpec := FileSpec + CHR(D);
REG.OX := OFS{FileSpec(i]);
REG.DS:= SEG(FileSpec 1i);
REG.CX:=ATTR;

REG.AX: =$4E00;

»SDOS (Dos.Registers(REG)):

IF LO(REG.AX) <> O THEN

Begin
writeln ('NC SET FILES FOUNC )
PAUSE: =REACKEY;
EXIT;

Eng;
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IF DTAL22] ANC $1C <> Q THEN WRITE ('1C1');

J = 31
WHILE DTA[J] <> 0 0C
Begin
WRITE(CHR(OTA(S]) )
J = el
End;
REPEAT
REG.CX := OFS(CTA};
REG.CS := SEG{CTA);
REG.AX := $4FCO;
MSDCS{0os.Registers(REG; ),
1F LC(REG.AX) = C THEN
Begin
17 WHEREX > {CCLUMNS -1 ) ® COLSIZE +1 THEN
whl_E (WHEREX MOD CCLSIZE) <> 1 OC WRITE ('
IF DTA[22] AND $:10 <> C THEN WRITE ('[D]'});

Em
UNT
writ
PAUS

Eng;

Procedur

o = 31;
weile OTA[SY <~ € 0C
Begin
WRITE (CHR(OTALSIS):
t= Jel
Eng;
c;
. LO{REG.AX) <«
ein;
t:=REACKEY;

e {olorOnColor{ietters,back:word);

writeln;

)

(’ﬂy'tr'r77’t:ﬂtrt»r’lnvﬂr”'s!’ﬂ'*’?’?*!ﬂ!x:at!?ltt!rtt’ny’ktx”tt’z’th

this 33105 tne programmer to change the text color and the background

Color wi

th one statemert,

"?”l’,""2'9?9"?",’r’!?”?!*2"’2!’ﬂ!!!!’l?’l?”!'*ﬂ”?‘lt?*?!?!!"’ﬁ)

Begin
texicolo
TextBack
End;

Procedur
Begir
sound(SC
delay(25
nosoung;
End;

Procedur

rilesters);
groung{tacx;;

e geey;

AN
Vi

AN
vl

e DoubleRead{var value:douwble};

(","’Q’ﬁﬂ't'?i?'?"!!ﬂ"'!!’!'??k!ﬂ'l"’ﬁ"’l"”!’ﬁ?’ﬂ,!'!’!'!?""ﬂ""
This procedure does error checking while reading in double precision numbers.
1t keeps the program from aborting if the number is entered imporperly.

.'lll..l'l..'!"lt””"tl"'ﬂ""""R"”9”’","""'ﬂﬂ!"'k"’l,'!‘ﬂ')

var temp
code
tabel 10
Begin
10:read)
val(temp
if (co
Beep
writ

FileName;
integer;

.
’

n(temp);
,value,code);
de<=0) then Begir

e{'Re-enter the value: ');
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goto 1C;
End;
End;

Procedure IntRead(var value:integer};

(!Rl!!!!!Rll"?’!"R?"!l!'l*’!"'!’!”’tk!'l’.?R!!!t!R,t?’xﬂ*’!tt!!’!ﬂt'!’.ﬂ
This procedure does e~ror checking ~hile reading in integer numbers.
It keeps the program from aborting if the number is entered improperly.

lllt’lay!"rﬁlxtx!ﬂxt:rﬂ"vlt’v'r,xavatt’nttxa’0’lx?ttk'?a?l!irttktﬂ!*?t")

var temp : FileName;
code : irteger;
lase® 1iC;
Begi~
1C:reaz’n{iem;];
write'n;
val(lems, value, code;;
if (coce<>0} trnen 8egi-
Beep;
write{ Re-ernter the value: ');
gotc iT;
Enc;
Enc;

Procecure Gerer:ic80x{al,yi,a2,x3,x4,y4,LineTypetinteger);

(tw’v"vvy0,try0!-'-'t’Oyyt”t’!t,9’v'r-rua-xr2’tzOt’!"!p'!?”’!nn"wt?’tw

Tris procedure draws a Dcx starting at the x1,yi positon, ending at the
x4,y4 postior. Horyzontal dividers are draem at positions x2 and x3 if they

are set to something other than zero. Allows for drasing «ith single or double

Y 3 £
“ines, or a ma of boih.
"'?"2',,”"’?’7”,”’”’l!?"”!"l?"””?"2"!9’!”!”?”,',t",!!?O)

lype
bar = siring{79];
varl
lyne,iyne2 : bar;
hyL,e2, v, L, ur, e, Y i, e, b, i rcharg
X:integer;
8eg™
windOow{yl,xi,y%, x4);
clrscr;
windo-:1,1,8C,25};
if LineType=1 ther Beg'ir
ul:=M218;
hl;=#196;
ur:s#131;
v):=#179;
17::=4192;
1r.=02.7;
rl:="4"
Vet
End
else if LineType=3 then Begin
HL:=#235;
h12:=#196;
UR:=#187;
UL:=#20%;
LR:=#188;
LL:=#200;
rl:«#102;
11:2#199;
VL:=#186;
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End

eise if LineTypes2 then Beg:~
UL:=CHAR(201);

HL:=CHAR{205);
UR:=CHAR(187};
LR:=CHAR(188);
LL:=CHAR{200);
ri:=CHAR{185);
11:=CHAR{2CAY;
VL:=CHAR{186};

End;

LYNE:="

lyne2:="";

FOR X:=1 70 vi-vi-1 OC
LYNEZ=LYNEonL;

if LineType=2 ther for x:=1 to yé-yi-1 do
lyne2:=lyne2+r'2

else lyneZ:=1yne;

GCTOXY {yl,al) ;WRITE(UL) ;WRITE{LYNE);

GOTTOXV (¥4, X1} ;WRITE(UR)

OR X:= Xis1 TO X& 3¢
geg'n
GOTOXv{VL,X); WRITE(VL);

STOXV{VE, X} WRITE(VL);
Erd;
IF X2<>C ThEN Begin
CTOXY (NI, X2);WRITE (L
CTCXYV{V4, X2} ;WRITE(R

Eng;

IF X3<»J THeN Beg'-
GCTCXV{¥1,X3);WRITE
GCTOXY (Y4, X3);WR;TE

Eng;

GOTCXYIVL, X&) WRITE UL WRITE(LYNE);

GOTCXV V4, X&) ;WRITI (LR);

Erg;

-

’
\
’
\

Ty WRITE(LYNED);
-
sl

N

R

Procec.-e Setw rdoe’yi,al,y2,x2:integer); (* turbc 4.C documentatin *)

(,Q'or"’¢o,oo’??"l’"l’""’ﬂ"’?’Q,7!’1"02'112?7’XPF"’!*?*’!*!!Q'Q’P’!

This procedure Craws a box in the specified region and clears it for a pop-
up = rdOw.

?"""2""”!”'?’,,"!”""Q?!’!?’?”’2’””’2!’*"’&”'"?t,t!f’ﬂﬂ"’)

var i:integer;

Begir.

window{yi-1,41-1,y2+1,%x2-1);

clrscr;

windcw(1,1,6C,25);

texiccior{diue);
GenericBox{x1-1,yi-1,3,0,x2+1,y2+1,2);
window{yl,al,y2,%x2);
ColorCnColor(white,black);

End;

Procedure HorzSetMenu(w~ich:integer);

(’:ﬁ'ﬁt!'.t.!tl!!',""r,ntrv'a”"v,t!l"o"vtvi,"”tnirO’r¢r"¢"'antﬂ
Tris procedure sets the positions for each 'ine of text for a menu screen.
The coordinates are detirmined by the top of menu, left edge of menu, and

how many choices are on the menu.
'ﬂ.'ﬂt"’."ﬁt’t’?”t't"r”ﬁﬂﬂtlQ"'!!'ﬁ'ﬂ,'ﬂ'ﬁ,"tlﬂ'!”'k,”"ﬁ*ﬁ!ﬂ!!l’)

var x:integer;
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Begin
for x:= 1 to Menu~.maa ~ich; 40 Beg'n
Menu”.pos[2,x,wich]1=x+3+Menu" . tOp w L),
Menu“.pos{1l,x,wick]z=Meru".left(wichj+2;
End;
Menu®.pos{2,0,wich]:=Menu".pos[2,Meru" .max[wich],wich]+2;
Menu~.pas(1,0,wich}:=Menu".left{wicn} 2;
End;

Procedure horzdrawMenu{wich:integer);

(xv”yo—vavvtt’yrr’r!v’t”"*!t’!x"t”’?’y'R'ﬂv!xt"-r”k,?!ytt!'ka’tt!ﬂlr

This procecumes uSes the cthers 1o Crae 3 menu Screen.

k:"lr'v"r-’rﬁ"rr’?"!’zOx"ov”’9’yy”w1'?!"9’v!l?t’ﬂ»y:nyrt’k’!?’ttt’*)

var x:inleger;
Begi~
Co'oriric’cr{ye  io=,n'ack);
Gener:cBoal{Me~o . topiwick’, Menu~. Yeft wich) Menu™.toplwich]+2,
Mer_T.maa(wiCn)eTeMensT topwicn]-1, Menu . maxk {wicr] e
FerL . topiwich]-1, Menut left[micr]+18,2);
ColorCnlclor(w-ite,black);
Texidacxgroundired;;
GOToAV(Menu . eft[aich]e2, merL”  tOp{wich]s1); WRITE(Menu~.textiMenu”.max{wich]lel, wich]};
TeatBackgrouncidiacx);
for «w = 1 to Me~L".maxTwiz"}+l do Begin (* use x-1 10 get arounc not letiing x be zero*)
Colerl=lotor{wriTE, BLATK;
GCTCXV{Mer.t.posil,x-1,wich], Menu”.posiZ,a-1,wich] ) WRITE(MenL" . text{x-1,wick]);
otorlnlotor (CVAN, BLATK)
GOTOXYIMerL . poS L, -1, @iCh], Menu".p0s 2, x-1,mich] ) WRITE (Menu”. text [x-1,wich][1]);
Erd;
Erc;

Proced.-e Sc-c'iMenu{eich:integer;var go,goZ:char;var temp:integer};

(l”'.’r’vot’-D?v”"t”vt-’b"""’7”’!!0'0!ﬂ,0’lﬁ’k??'!”,k’,l!’?'ﬂﬂ?!RF'

This procedure moves the higrlighting bar up and dow«m the menu as the arrow
keys are usec. [t also sets the menu choice each time it moves the bar
S0 that w~her the enter key is hit the proper menu choice will be selected.

!tl’x'trrO"-"vttr’n"""’v’r”t”"'tv"",t,—tt"¢ﬂ¢’7’7’!1!*?’:!”!!'?)

Begin
gc:=reacdkey;
if go="P threr
if tempeMeri” .max(wich] then temp:=lempel
else termp::=0;
i€ go='H' trer
¥ terpiC ther tempi=temp-l
else temp::=Menu”.max(wich];
go2:=renu”.text{tem,wich]{1];
Erc;

Procedure Highlight(xpos,ypos,choice,wich:integer);

(!l"".ﬁ.""-ﬁl"'it"'Rﬂ.!'ﬂ"’?""’""l""'ﬂﬂkkﬂR"’ﬂ?"”l”ﬂ!’!,"’

This procedure writes a string of text in yellow on cyan highliting.
.’?ﬂl."'klﬁﬂﬂl.'!!ﬂ""ﬁt!!'""li'”ﬂ!"'7!Il""l'"!'ﬁl?'!ﬂ"ﬂ’!ﬂl'il!’)

Begin
ColarOnColor(WHITE, cyar;;
gotoxy (xp0s,ypos);write(Men.”.text[choice, wich]);
ColorOnColor{white, black);

End;
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Procedure MenuContrec'({eich:integer;var go,go2:char;var temp:integer);

('ﬂlll‘ﬁ*"!llt!!ﬂlRI!'%?Q’xtt!at'l!!!RR!tﬂ!!k?l’!kktﬁt'!l?**t!!t’k!tﬂ*?lt!!

This procedure is the master contro’ module that takes over any time the
program enters 3 menu procedure. [t handles the screen drawing, scrolling,
and returns the proper choice the user selected to the individual menu
procedure in the main menu, so that choice can be executed. Note that if this
particialr meny has been called once pefore, the screen need not be drawn
again since it was stored in memory. The menu screen is simply recaled from
memory witrm the ingex WICH.

tttattat’t,ﬁ1»0rt"vrat"rt:tyvga,tt’zttrt?a’t’ﬂtt!z!z’*t’mt!t’zzttktz’.tkr’.?t)

IF (Menu".First{w~ich]} THEN Begin
Mer. . First{wich]:=FALSE;
HorzSetMeru({wich);
norzgrawMenu{=ich};
Mer.”.Screeneich]=Screen”;
Hig=light{Menu".pos,i, temp, »ich], Menu®.pos[2, temp, wich], temp, wich);
Erc
ELSE i€ {goe>'P ) and (go<>'K') ther Begi~
Scree~":=Me=.".Screeni~ich];
go:=mer.®. text[l,wicrj{i];

nutLtest[1,wicnlil];

4y
Hignlight{MenuT.pos(i, temp, wich], Menu®.pos{2, temp,wich], teme, wich);
£ng;
CTCXV{Meryt . lefi{wicn]+1C, Menu".pos (2,0, miCh]+2);
GC:=REACKEY;
if go=#C the~ Begin
Screen~:=Meri” . Screer{wichl;
Sc-o''meru{=~ich, g0, go2, temp);
Higriight{Men. .pos[l, temp, »ich], Meru®.pos(2, temp,wich], temp, ~ichj;
Erd;
if go=chr{$2C) then
Ge:=Gc?;
for x:= 1 tc Menu®.max[eicrlsl do
if upcase{gc)=Men.".text[x,»ich]{i] then Begin
tempi=i;
Screen:=Men." . Screen[wich];
Kignligri{men.”.pos i, temp, »ich], Meru®.pos{2,temp, wich], temp, wich);
Era;

Eng;

(!"’”2""”’"!””"”t’ﬂ"’"’t”’?"’"ﬁ’!”?!”’!'ﬁ"tt”*l'ﬂ"lt*””

This ‘nitilaizes the pointe~ heap variables ant sets their intial values.

ﬁ'!’,’?",'?”’,""’t””!”""",’lﬂ’,’Q""’?'ﬂtﬂ"!!iﬂ"!k’!ﬂﬂ!ﬂ"!!"’)

Begin
new Mery;;
nes(Screer;;
Screen ::= PTR($88CC,$C00C);
for x:= 1 to 10 do

Menu” . First{x]:=true;
End.
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